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I. 



Bohn's Standard Library. 

4 8KBXB8 OF THB BEST BNGLIBB AND FOBEIUN AUTHOBS, PBINTED IN 
rOST 8V0., AND PDBLIBHED AT Ss. 6rf. PBB VOLUME 

(exoepting those MABKED othebwise). 



Baeon*! Essajri, Apophthegms, WU- 

dom of the ADcients, New Atlantis, and 
Henry VII.. with IntrodacUoo and Notes. 
PoftraU. 

Beaumont and Tletclior, a popular 

Selection from. Bj Lsioh Hdiit. 

Beckmann's History of Inventions, 

t >i8ooverie8, and Origins. Revised and 
enlarged. PmiraitM. In 2 vols- 
Bremer's (MisS) Works. Translated by 
Makv Uowitt. i^ortrait. In 4 vols. 

VoL 1. The Neighbonre and other Tales. 

Vol. 2. The President's Daughter. 

Vol. 3. The Home, and Strife and Peace. 

VoL 4. A Diary, the H Family. &c 

Butter's CBp.) Analogy of Beliglon, 

and Sermons, wiUi Notes. FortraU. 

Carafiis (The) of Maddaloni: and 

Naples aAder Spanish Dominion. Trans- 
lated from the Oerman of Alflned de 
Reiypoont. 

Oanyl's Connter BevolntiLon in Eng- 
land. • Fox's History and Ix>n8dale's 
U^olr of James 11. PortraU. 

Cellini (Benvennto), Kemoin ol 

'J ratislated by Koeooa. Fortrait. 

Coleridge's ''S. T. , Friend. A Series of 

hsiH&ys on Morsla. Politics, and Religion. 

Coleridge's (B.T) Biographia liter- 
aria, and two Lay Sermonii. 

Conde's Bominion of the Arabs in 
Spain. TranaUted 
a vola 



Cowper's Complete Works. Edited, 

with Memoir of the Aathor. by Sol'tm«t. 
Illuttrated »oith SO Engravings, lu b vols. 

Vols. 1 tu 4. Memoir and Corresp^mdenoe. 

Vols. S and 6. Poetical Works. Flate$. 

Vol. Y. Homer*s Iliad. Plata. 

VoL 8. Homer's odysfley. I'latet. 

Coxe's Kemoirs of tiie Duke of 

Marlborough. PortraiU. In 3 vole. 
%* An Atlas of the plans of Marlborou^'s 
campaigns. 4to. \0t. 6d. 

' History of the Honse of 

Anstria. PortraiU. In 4 vols. 

Be Lolme on the Constitntion of Eng- 
land. Edited, with Notes, by Johk 
Maoobroob. 

Emerson's Complete Works. 2 vols. 

Foster's (John) Life and Correspond- 
ence. Edited by J. E. liYUAND. In i vols. 

Lectnres at Broadmead 

Chapel Edited by J. E. tHhAav in 
2 volf . 

Critical Essays. Edited by 

J. £. Rtland. in 3 vdlh. 

Essays— On Decision of Cha- 



racter, iictic. 

Essays — On the Evils of Po- 




polar Ignorance, he 

Fosteriana : Thoughts, Be- 

flectlons, and CrItlciMns of iht^ late John 
FoeTKR, selected from periodical papen, 
and Edited by Hkhkt U. Boh> (nearly 
600 pages). U. 

Hiseellaneons Works. In- 
cluding his IfsBay on IkHidrtdge. Pre- 



) Prineipal Works. 

Partnit. 



BOHira VARIOUS LIBRARIES. 



Ckiethe'f Works, Translated into Ed^ 
Ush. In 5 vols. 

Vols. I. and 2. Autobiogrephy.lS Books; 
and Travels in Italy, rnaoe, and 
Switzerland. FortraU, 

Vpl. 3. PansU IfkblgeDlSi Torqoato 
Tasso, l^lgmoQt, Ac, Ify Miss Swav- 
WTOK ; md 08ts von BerllchinRea, by 
Sir Waltbr Soott. Fnnti^ieee. 

Vol.4. Novris and Talea 

Vol. ». Wiihelm Metater's A|)pr«ntice- 
flfaipu 

Gregory's (Dr.) Svidanioes, Boetrines, 

and Diitiea of the Christian Religion. 

Qtiizot^s Representatiye Govsmment. 

Translated by A. R Sooblr. 

■■ History of the English Revo- 

hitlon of 1640. Translated by Wiuum 
HazuTT. Portrait 

History of Civilisatioii. Tnms- 

lated by Wiluam Hazurr. In 3 voI& 
Porirnit. 

HazUU's Table Talk. A New Edition 

in one volume. 

Leotnres oa the Comio 

Writers, and on the English Poets. 

Leetores oa the literature 



of the Age of Klisabeth, and on Characters 
of Shakf'spear'B Plays. 

Plain Speaker. 5s. 

Boond Table; the Conversa- 



tlooA of Jahks Nokthootb, R.A; Cha- 
racterlsticA, &c. St. 

HaU*s (Rev. Robert) Uisoellaneons 

Works and Remains, with Memoir by 
Dr. Grisgobt, and an Essay on his Cha- 
racter by Jomr Foerca. Portrait. 

Heine's Poesu, complete, from the 
(lerraan, by E. A. Bowbino. Sa. 

Htingary: its History and Revolu- 
tions ; with a Memoir of Kossath fh>m 
new inid authentic sources. Portrait 

Hntohineon (Colonel), Kemoirs of, 

with the Sleice of lAtham House. 

James's (G. P. R.) Riehard CoBnr-de- 

Llon, King of Enctland. PortraUt. 3 vols. 
Lonis XIY. Portraits, 2 vols. 

Jnnins's Letters, with Notes, Ad- 
ditions, and an Index. In 3 vols. 

Lamartine s History of the Girond- 
ists. Partt'aiU. In 3 vols. 

Restoration of the Monarchy, 

with Index- Porfmiti In 4 vols. 

French Revolntlon of 1848, 

with a fine FYontUpieM. 

LamVs fCharles) Rlia and XUona. 

Complne Edition. 

Lanal's History of Painting. Trans- 
lated by Ecmoob. Finrtraitt. in 8 vols. 



Lookers Philosophieal Works, con- 
taining an Easay on the Human QTndfr- 
standing. Ac, with Notes and Index by 
J. ▲. St. Jomi. PortraiL In 2 vols. 

lifs and Letters, with Ex- 



tracts from his Gbmmon-Plaoe Booki^ by 
Lord Knro. 

Luther's Table TtOk. Tniulatod by 
WiujAM Hazlha rmUmit 

KaehiaveUi's History of Horeneet 

The Krinoe. and other Works. Portrait 

Memoirs History of Oermany. Por- 
traits. In 3 vuLii. 

mcheletfsLiflBof Lnther. TnnsUted 
by William Hazutt. 

Roman Repnblie. Translated 

by Wiluam Hazlitt. 

Preneh Revolntlon, with In- 



deL /VofiMtpteos* 

ICgnet's French Revolntlon from 

1789 to 1814. Portrait. 

Milton's Prose Works, with Index. 
Portraits In 5 vola 

Mitford's (Miss) Onr TOlage. Im- 
proved Bd., complete. niiMtrated. 2 vols. 

Heander's Church History. Trans- 
lated : with General Index. In 10 vols. 

Life of Christ Translated. 

First Planting of Chzisti- 

anltypsndAntignostikns. Translated. In 
2 vols. 

History of Christian Dogmas. 



Translated. In a vols. 



Christian Life in the Early 

and Middle Ages, tnclnding his ' lA^t In 
Dark Plaoea' Translated. 

OeUey's History of the Saraoens. 

Revised and completed. Portrait. 

Pearson on the Creed. New Edition. 
With Analysis and Notea Double VoL 6a. 

Ranke's History of the Popes. Tranfr- 
lated by E. Fosria. In 8 vols. 

Servia and tho Servian Re- 
volntlon. 

Reynolds' (Sir Jeshva) Literary 

Works. Portrait In 3 vola 

Roscoe's Life and Fentifieate of 

Leo X., with the Copyright Notes, and an 
Index. Portrait*, ui 3 vols. 

Lib. of Lorenso de Medid, 



with the Copyright Notes, fcc. Portrait. 

Russia, History of^ by- Waltbr K, 
Kkllt. Pcrtraiti. In 2 vols. 



A CATALOGUE OF 



Sehiller's Works. Translated into 
) finglish. Id 4 vols. 

VcL 1. Thirty Years' War, and BeTolt 
of the Netherlands. 

VoL a. ConHnuation of the Bevolt 
of the Netherlands; Wallensteln's 
Canip ; the Piooolomini ; the Death 
of WaUensteln; and WUliam TelL 

Vol. 3. Don Carlos, Mary Btaart* Maid 
of Orleans, and Bride of Messina. 

VoL 4. The Robbers. Fleaoo, Love and 
Intrtfcne. and the Ohost-Seer. 

SchlegePs FhiloBophy of Life and 

of Language, translated by A. J. W. Mok- 

KISON. 

History of Literature, Aiu 

dent and Modem. Now first completely 
translated, with General Index. 



Philosophy of History. 

Translated by J. & Bobrstsox. tar- 
traiL 



Dramatic Literature. Trans- 
lated. FortraU. 

Modem History. 

JSsthetie and MlsceUaneons 



Works. 

Sheridan's Bramatio Works and 

Life. J'ortrait, 



fiismondi^s Literature of the Sonth 

of Eiirope. Translated by Roaooe. /*(»- 
traitt. In 2 vols. 

Smith's (Adam) Theory of the Moral 

Sentiments; with his Essay on the First 
Formation of Langoaf^es. 

Smyth's (Professor) Lectures on 

Modem History. In 2 voU. 

Lectures on the French Se- 

volntlon. in S vols. 
Sturm's Morning Communings with 
God, or Devotional Meditations for Every 
Day In the Year. 

Taylor's (Sishop Jeremy) Holy Living 

and Dying. I*or{rait. 

Thierry's Conquest of England by 

the Normans. Translated by Wiluah 
EUzuTT. Portrait. In 2 vols. 

Tiers Etat, or Third Estate, 

In France. Translated by F. B. Welus. 
2 vola in one. 6s, 

Vasari's Lives of the Painters, 

Sculptors, and Architects. Translated by 
Mrs. FosTRR. B vols. 

Wesley's (John) Life. By Robert 
SoiTTHKT. New and Complete Edition. 
Doable volume. 6f ■ 

Wheatley on the Book of Common 

Prayer. JFivntitpieoe. 



n. 



Uniform with Bolm*B Standard Library. 



Bailey's (P. J.) Festos. A Poem. 
Seventh Edition, reviaed and enlarsed. 

British Poets, from Xilton to Kirke 

Whttb. Cabinet Edition. In 4 vols. 
14s. 

Gary's Translation of Dante's Hea- 
ven, Hell, and Par^atory. 7*. ad 

Chillingworth s Beligion of Pro> 

testants 3s. 6cL 

Classie Tales. Comprising in One 
volume the most esteemed works of the 
imaicination. 3t. 9d. 

Demosthenes and JBsehines, the 

Orations of. Pransiated by Lblajto. 3s. 

Dickson and Kowhray on Poultry. 
E dited by Mrs. Loppom. lUustmtiuiuby 
JfoTvey. 5s. 

Onisot's Monk and His Contem- 
poraries. Bt. ad. 

Hawthorne's Tales. In 2 rols., 

^6(t.each. 

VoL 1. Twice Told Tales, and the 

Snow Image. 
ToL 2. Scarlet Letter, and the House 

wltb the Seven Gables. 

4 



Henry's (Matthew) Commentary on 

the Psalms. Iftimerou$ JUugtrcUwru 
4t. 6d. 

Holland's British Angler's Manual, 
improved and enlarged, by Edwakd Jessb, 
Esq. lUmtnUed with 60 Efurravingi, 
It. ed. 

Horace's Odes and Epodes. Trans- 

lated by the Rev. W. Srwixl. 3s. ad. 

Irving's (Washington) Complete 

Worka In 10 vols. 3s. 6(t each. 

VoL 1. Salmagnndi and Knickerbocker 
Portrait of the Author. 

Vol. 3. Sketch Book and Ufe of Gold- 
smith. 

Vol. 3. Braoebridge Hall and Abbots- 

ford and Newstead. 
Vol 4. Tales of a Tluveller and the 

Alhambra. 

Vol. 6. Conqoest of Granada and Goo- 

quest of Spain. 
Vols. 6 and 7. Lift of Gcrinmbns and 

Companions of Ck>lambns, with a new 

Index. FiiM Portrait. 
Vol. 8. Astoria and Toor in the Prabim 
VoL 9. Mahomet aiid his Snocessors. 
VoL 10. Oonqnest of Florida and Ad- 

vcotnna of Captain BomicivfUe. 



BOBN'8 VARIOUS LIBBAJilSS. 



Irving's (Washing^n) Life of Wash- 
ington. Portrait, in 4 vola. 3s. 6d. each. 

■ (Washington) life and Let- 

ters. By his Nephew, Pibbrb £. lavnro. 
In 2 Tola. 3s. Sd. eacL 
For separate Wcrks^ $ee Cheap Series, 
p. 15. 

Joyce's Introdaction to the Arts and 

Sdencee. With £lxaiuination Questions. 
3s. 6d. 

Lawrence's Lectures on Compara- 
tive Anatomy, Physiology, Zoolojg^y, and the 
Natural History of Man. JUtutrated. 6«. 

Lilly's Introdaction to Astrology. 

With nnmerons Emendations, by Zaokibl. 
6s. 

Killer's (Professor) History Fhiloso- 

pbicaliy oonsidered. In 4 Tola. 3s. 6d. 
each. 



Parkes's 

3s. ed. 



Elementary Chemistry. 



Politieal Cyclopodia. 

3s. 6c(. each. 



Also bound in 

leather backs. 15s. 



In 4 Tols. 



2 vols, with 



Shakespeare's Works, with Life, 

by Cbajlmebs. In diamond type. 3s. 6d. 
or, with 40 Engravingi, 5a. 

Uncle Tom's Cabin. With Introdno- 
tory Remarks by the Rev. J. 
PrvaUd in a large dLear tips. 
tions. 3s. 6cL 



iBuitra* 



Wide, Wide World. By Elizabeth 

VV CTHRBALL. lUustroted with 10 highljf' 
Unished Steel Enffraoings. 3s. 6d. 



m. 



Bohn's Historical Library. 

UNIFOBM WITH THB STANDARD LIBBABY, AT &8, PBB VOLUinS. 



Evelyn's Diary and Correspondence. 

lUustraUd with numerous I*ortraits, dbe. 
In 4 vols. 

Pepys' Diary and Correspondence. 

Edited by Lord Braybrwoke. With im- 
portant Additions, including nnmerous 
Letters. JUustrated with many Portraits. 

In 4 TOiS. 

Jesse's Memoirs of the Seign of the 

Stuarts, inclndiug the Protectorate. With 
Generallndex. Upwards <f Mi Portraits. 
In 3 vols. 



Jesse's Memoirs of the Pretenders 

and their Adherents. 6 Portraits. 

Kngent's (Lord) Memorials of 

Hampden, his Par^, and limes. 12 
Portraits. 

Sbickland's (Agnes) Lives of the 

(jaeens of England, from the Norman 
Gonqnest. From official records and 
authentic docnments, private and pablic 
Revised Edition. In 6 vols. 



IV. 



Bohn's Library of French Memoirs. 

ITNTFOBM WITH THB BTANDABD LIBBABY, AT Bs, 6d. PBB VOLUIIB. 

Portraits. In 



Memoirs of Philip de Commines, 

oonialning the Uisturies of Louis XI. and 
Charles VUL, and of Charles the Bold 
Doke of Burgundy. To which is added, 
The Scandalous Chronicle, or Secret 



History of Louis XL 
2 vols. 

Memoirs of the Dnke of Snlly, Prime 

Minister to Henry the Great. Portraits. 
In 4 vols. 



▼. 



Bohn's School and College Series, 

UNTPOBM WITH THE BTANDABD UBBABY. 



Bus's Complete Greek and English 

Lesioon to the New Testament. 3s. 

Hew Testament (The) in Greek. 

Bilesbach's Text, with the various read- 
ings of Mill sad Sohtds at foot of page, and 



Piarallel References in the margin ; also a 
Critical Introduction and Chronological 
Tables. Twofaa-timiles of Greek Manu' 
toripts. (660 pages.) 3s. Sd. ; or with th« 
hbj^eoOfiM, 



A OATALOGUE OF 



VI. 



Bohn'8 Philological and Philosophical Library. 

UNIFOSM WITH THE STANDARD DBKaSY, AT 58. PES VOLUMB 
(EXOEPTINO those MABKfBD OTHEBWIBE). 



Hegel's Iieetnres on the Philoiopliy 

of History. Trantilated by J. Sibbbb, M.A. 

Herodotus, Turner's CDawson W.) 

Notee to. With Map. ftc. 

■ Wheeler's Analysis and 

Sominary of. 

Kant's Critique of Pure Season. 

Translated by J. M. I). Mriklbjohh. 

Logie ; or, the Science of Infiorenee. 

A Popular ManttaL By J. Dkvbt. 
Lowndes' Bibliographer's Manual of 

English Literatare. New Edition, en* 
laiged. by H. a. Boax. Parts L to X. (A 



to Z). 3i. Od. each. Part XL (the Ap- 
pendix Volume), bs. Or the 11 parts in 
4 vols., half morocco, 21. 2$. 

Smith's (Archdeacon) Complete Col- 
lection of Synonyms and Antonyms. 

Tennemann's Hanual of the History 
of Philosophy. Cuntinued by J. R. Morbli.. 

Thucydides, Wheeler's Analysis of. 
Wheeler's (H.A.) W. A., Dictionary 

of Names of Kictitions Persons and Places. 

Wright's (T.) Dictionary of Obsolete 

and Provincial fclnglish. in 2 vols. 6«. 
each ; or half-bound in 1 voL, lot. 6d. 



vn. 



Bohn'8 British Classics. 

TJNIFOBM WITH THE STANDARD LIBRARY, AT 3«. 6d. PER VOLUMB. 



Addison's Works. With the Notes 
of Ushop HuRD, much additional matter, 
and upwards of 100 Unpublished Lietters. 
Edited by H. 0. Bohm. Portrait and 8 
Kngravingt on SteeL In 6 vols. 

Burke's Works. In 6 Volumes. 

Vol. 1. Vindication of Natural Society, 

On the Sublime and Beautiful, and 

Political Miscellanies. 
Vol. 2. French Revolution, kc 
Vol. 3. Appeal fh>m the New to the 

Old Whigs ; the Catholic Claims, &c 
VoL 4. On the Affairs of India, and 

Charge agahmt Warren Hastings. 
VoL 6. Conclusion of Charge against 

Hastings ; on a Regicide Peace, kc 
Vol. 6. Miscellaneous Speecbea, he 

With a Oeneral index. 



Burke's Speeches on Warren Hast- 
ings; and Letters. With index, in 
2 vols, (forming vols, 7 and S of the 
works). 

Life. By Prior. New and 

revised Edition. PartraU, 

Defoe's Works. Edited by Sir Wal- 

TBB SOOTT. In f vols. 

Gibbon's Roman Empire. Complete 
and Uuabridged, with Notes; Including, 
in addition to the Author's own, those of 
Guizot, Wenck. Ntebuhr, Hugo, Neander, 
and other foreign scholars; and an ela- 
borate Index. i£dited by an English 
Gburcluuan. In 7 vols. 



vm. 



Bohn's Ecclesiastical Library. 

UNIFORM WITH THE STANDARD LIBRARY, AT 5«. PER VOLUME. 



Xusebius' Ecdesiastioal History. 

with Notes. 

Philo JudSBUS, Works of ; the con- 
temporary of Josepbua. Translated by 
G. D. Yonge. In 4 vols. 

Socrates' Kcclesiastieal History, in 

oontinuiition of Eusebini. With the Motes 
of Val««ins. 



Sosomen's Bcdesiastical History, 
fh>m 4.0. 324-440 and the Ecclesiastical 
History of Phllostorgius. 

Theodoret and Xragrius. EccIesiM- 
tical Histories, from aj). 332 to ▲J>. 427 
and from ▲ j>. 431 to aa M4. 



BOBN'8 VABJOUP LIBRA BIBS, 



IX. 

Bohn'B Antiquarian Library. 

UNIFORM Wrni TBS 6TANDABD UBBABT, AT &t. FVB VOLim. 



Bede'0 Eeelegiagtdcal ffi^tonr, and 

tbe Anglo-Saxon Chronicle. 

Boethiiu'a Cktiuolation of Fhiloso- 

8 by. in Anglo-SAxou, with the A. S. 
letres. and an Engliab Translation, by 
tbe Rev. & Kox. 

Brand*! Popular Antiqnltioo of Bng- 

laod. Sootiand. and JLrelaod. By Sir Hbmbt 
ICllis. In S, vote. 

Browne's (Sir Thomai) Worka. 

Kdited by Sntotf Wtuhh. In S vola. 

Vol. 1. The Vulgar Errors. 
' Vol. a. Beligto Medid, and Qaiden of 
Cynia. 
VoL 3, Um-BnrUI, Tiacta, and Oorre- 
spondence. 

Ghronielei of tbe Cmeadert. Richard 

ol llevizes. QwSny de Vlnaant Lord de 
Jolnvllle. 

diTonielea of the Tombt. A CoUeo- 

tv»n of Remarkable Kpjtapha. 9y T. J. 
PRTTIORBW. Fits., F.8.A. 

Early Travela in Palestine. Willi- 

bald, Saewulf. Bet^amln of Tudola, Man- 
deville. La Brooqalere. and Maundrell; 
all unabridged. Edited by Thomas 
Wbioht. 

Ellii's Early EngUe^i Metrical Bo- 

mancea. Kevlmd by J. O. Halu'wku.. 

Florence of Worcester*! Chronicle, 

with the Two Continuations : oumpnslug 
Aonata of En|^b Uiatory to tiM Reign of 
F^iward 1. 

Oiraldns Cambrensis* Historical 

WorlGB: Topography ot Ireland; Hisiury 
of tbe Conquest of Ireland; Itinerary 
throu^ Wales; and {)e8crtption of Wales. 
With Index. Edited by Thos. Wrioht. 

Handbook of Proverbs. Comprising 
all Kay's English Proverbs, with additions; 
his Foreign Proverbs ;,and an Alphabetical 
Index. 

Henry of Hnntinff don's History of 

the English, from the Roman invasion to 
Henry IL ; wltJi tbe Acts of King Stephen, 

Ingulph'e Chrooiole of the Abbey of 

Croyland, with ilie Contlnoationa by Peter 
of Bkiia and other Writers. By H. T. 

BlUT. 



Xeightley's Fairy Hythology. /Km»- 

tii^frieoe by > Yuiksfismk. 

Iiamb's Bxamatie Poets of the How 

of EliaabeUi ; including bis Selectloos from 
theGarrIck Plays. 

Lepsins's Letters from Egypt, Ethics 

pia, and ihv Penia<mla of Sinai. 

MaUet^s Northern Antiquities. ' By 

Bishop Pkbct. With an Abstract of the 
EyrMggia Saga, by Sir WAunui Soon. 
Editedby J. A. Black wkix. 

Marco Polo's Travels. The Traii»- 
lailoD of Marsden. Edited by Thomas 
Wright. 

Matthew Paris's Chronicle. Id 5 

vols. 
FissT Sbotioh : Roger of Wendover'a 

Flowers of English History. fh>m the 

Descent of the Saxons to aj>. 1235. 

Translated by Dr. Qilks. In 2 vols. 
Sbcond Seotiom: From 1235 to 1273. 

Wlih Index to the entire Work. la 

8 vole. 

Matthew of Westminster's Flowers 

of History, eqtecially such as relate to the 
alTairB of Britain ; to a.d. 1307. Translated 
by C. D. YoN'Q*. In 2 vols. 

Orderiens Titalis' Boolesiastieal B3s- 

tory of Itingland Mid Normandy. Trans- 
lated with Notea, by T. FMcnra, M.A. 
In 4 vols. 

PanU's a>r. B.) Lil» ef Alfred the 

Great Translated ttaax the German. 

Polyglot of Foreign Proverbs. With 

English Translationts and aGeueral index, 
bringing the whole fanto parallels, by H. Q. 

BOHK. 

Boger De Hoveden's Annals of Eng- 

\i»h Hlstciry ; from a.o. 732 to aj>. 12U1. 
Edited by H. T. Rilbt. 1b 2 vols. 

8iz Old English Chronicles, viz. :— 
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PEEFACE. 



" St6okhaedt*s Principles of Chemistry/* in its English 
dress, has for many years filled a definite and useful place 
among elementary text books. It has appealed to the 
numerous class of students, both men and boys, who in 
spite of limited means and opportunities are anxious to 
acquire some experimental knowledge of the science — ^who 
intend to work at chemistry instead of merely reading about 
it. To such students it is useless to describe experiments 
which can only be performed with the aid of costly and 
elaborate apparatus, or with the skill derived from long 
practice. 

The great merit of Dr. Stockhardt's book is that, while the 
experiments are clearly described and very numerous, they 
do not require for their successful performance any but 
the simplest and cheapest forms of apparatus. It is astonish- 
ing what an amount of good work may be done in chemistry 
with Florence flasks, tumblers, medicine bottles, basins, 
saucepans, tin plate, iron wire, corks and other articles, 
which are always at hand. If to these are added some glass 
and caoutchouc tubing, a few fimnels, test tubes and beakers, 
a mortar and pestle, spirit lamp (if gas cannot be used), a 
small set of scales and weights, and a measuring glass, the 
student will be able to perform the great majority of the 
elementary eixperiments of chemistry. 
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Of course other apparatus may be added with great 
advantage, and apparatus is so cheap in the present day that 
almost every student will find it possible to make such 
additions to his stock' as he goes on. But it is better not to 
begin with too much, as the beginner is almost sure to order 
many things which he will not really require. 

When the publishers put Dr. Stockhardt*s work in my 
hands, I hoped that it might be possible to bring it into 
accordance with modem chemical ideas, without entirely 
altering its plan. This soon proved to be impracticable, and 
I found myself compelled to re-cast, and to a great extent to 
re-write the book. In doing so I have tried to preserve as 
far as I could the spirit of the original ; but so much has 
been added, so much subtracted and so much altered, that I 
have not thought it right to retain the original title of the 
work. Nearly the whole of the original work which remains 
consists of experimental details and technical descriptions, 
which, though they have required much pruning and revision, 
are as useful now as when first written. A great many new 
experiments have been added in every part of the work. 

The systematic classification adopted in Parts II. and III. 
has not been attempted in Part IV. (Organic Chemistry), 
because the more old-fashioned arrangement seemed better 
adapted for the purposes of a simple experimental study. 
But I have endeavoured, in two introductory chapters, to 
give the student some idea of the modern system of classifi- 
cation, and have, in the subsequent pages, referred constantly 
to these chapters. 

In Part I., a somewhat lengthy chapter (Chapter III.) has 
been devoted to the laws of chemical force. This chapter is 
longer than it might otherwise have been, because I have 
thought it right to establish the laws of constitution and 
chemical action, and the primary meaning of symbols and 
formulsB, hefare taking advantage of the great assistance of 
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the atomic h3rpothe8is. I trust I have succeeded in proving 
to the careful student that the symbols and formulad of 
chemistry might be used with propriety and advantage, even 
if the atomic hypothesis were swept away. 

In Parts II. and III. I was much assisted by Mr. 
E. Francis, F.C.S., Demonstrator of Chemistry in the 
Medical School of this Hospital. It is a pleasure to me to 
take this opportunity of thanking him for his valuable help 
in this and in many other things. 



C. W. H. 



Chabing Cross Hospital, 
Christmas, 1871. 



CHEMICAL APPARATUS. 



The following List comprises most of the apparatus reqiiired for 
performing the experiments described in the present work, and may be 
purchased by the set of Messrs. Jackson and Townson, 89, Bishopsgate 
Street Within, who will also forward more extended lists of apparatus and 
pure tests, on application, by post. 



FIRST SET-168. 

Packed in a Case, 11%, 



1 Holder for Retorts, Tabes, or Flasks. 

3 Hard Glass Retorts, 4-oz. and 12-ob. 
capacity. 

2 Hard Glass Receivers, 4-oz. and 12h}z. 
' capacity. 

1* Spirit Lamp with single Jet, 2-oz. capacity. 
2 Hard Glass Flasks for boiling, 4-oz. and 
8-oz. capacity. 

1 Hard Glass Flask with Jet for washing 
precipitates, 12-oz. capacity, or for burning 
Hydrogen as generated, or as Marsh's 
Arsenic Apparatus. 

2 Gas Cylinders with ground edges. 

2 Ground Glass Plates for the Qylinders. 

3- Bottles to hold gases. 

1 Hard Glass Tube for preparing Oxygen 

Gas. 
1 Test Tube Stand with 12 holes. 
12 Test Tubes, each 5-in. long. 

1 Test Tube Cleaner. 

2 Analytical Glass Funnels for Filters. 
1 Brass Blowpipe. 

1 Tripod to support a sand-bath or flask for 
digestion, or retort for distillation. 

2 Wire Triangles for tripod. 

a Iron Dishes for sand-baths, 4-in. and 5f-in. 
diameter. 

3 Porcelain Evaporating Dishes, 2i, 3i, and 
4i-{n. diameter. 

3 Porcelain Crucibles, and Covers, i and 
1-oz. capacity. 

3 Hessian Crucibles, i, 1, and 2-ozs. capacity. 

1 Mortar and Pestle. 

3 Cork Borers for poforating Corks. 

12 Assorted Corks for Flaskd. Tubes, &c. 

1 Round File for enlarging holes in Corks. 

1 piece of Wire Gauze. 

1 ditto of Platina Foil. 

1 ditto of Platiua Wire. 

1 ditto of Copper and Zhic, united, for Gal- 
vanic depositions. 

1 Iron Spoon for Fusions. 

2 Glass Stirring Rods. 

3 Tubes for the reduction of Arsenic accord- 
ing to the forms of Berzelius, Clark, and 
Rose. 

2 Bent leading Tubes for fitting up Flasks. 

&c., for preparing Oxygen, Hydrogen, and 

other gases. ur* k^ 
8 Bent and other Tubes for leading and 

washing Gases, also as Syphons. 
A piece of Wood Charcoal for Blowpipe. 



SECOND SET-268. 

Packed in a Gate, 268. 6d, 

Inclndes the First Set with the extra 
Apparatus IJndennentioned. 

1 Stoppered Hard Glass Retort, 4-oanoe 
capacity. 

Hard Glass Flask, 10-os. capacity. 
Pipette or Dropping Tube. 
WoulfTe's Bottle with three necks, for 
washing Ga8t>s, && 

1 Spoon with Cap, for Charcoal. Sulphur,' 
&C., when deflagrated in Oxygen. 

3 Bohemian Beaker Glasses for Hot Solu- 
tions, 4, 6, and 10-oz. capacity. 

1 Metal Spirit Lamp witii double current 
and arms to support sand-bath, dishes, 
crucibles, with Hot Plate and 2 rings. 

Where Gum is obtainable a Bvnaen't Oat 
Lamp wi£k Armt ani Ringt may he sub- 
Mtituied for (ke Spirit Lamp aJ^mt-men- 
tixm/ed. 

1 Thistle-headed Glass Safety Funnel to in- 
troduce Acid in the preparation of Gases. 

1 Chloride of Calcium Tube for drying Gtases. 

1 Berzelius* Blowpipe with moveable Pla- 
tina Jet, to prevent Oxidation, and Horn- 
mouthpiece {iMUad of Brats BUnopipe 
as contained informer set). 

I pair of Crucible Tongs. 

Sheet of 100 Re-agent Labels with Symbols. 

THIRD SET.-50S. 

Packed in a Ca»e, 52*. 

Inclndes the Second Set with the 

following additions. 

Box of Scales and Weights, with glass pans. 
Graduated 2-oz. Glass Measure. 
Gas Receiver, 20-oz. capacity, with brass 
cap, stopcock, bladder-terrdle and Jet, for 
holding or conveying Gases into Bladders, 
Balloons, &c. 
Pneumatic Trough, 1-galI. 
Thermometer, gpradoated on stem to 400° 
Fahr., to pass through corks into flasks, 
&C., in Wood Case, 

Hydrometers for ascertaining the density 
of fluids, taking 1000 grains of distilled 
water at 60° Fahr. as standard, one for 
fluids lighter than water, as spirits, be., 
700° to 1000°, one for heavier fluids, 1000° 
to 1860°. 

Solution Tube for holding the fluids for 
Hydrometer during immersion. 
Graduated Test Measure, lOOa grains in 
100 divisions. 
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MATTEB AND FOBOE. 



Putting on one side as unsolved, and probably for ever 
insoluble, the great metaphysical question whether the 
various objects and the complex phenomena we observe in 
nature have any real existence, or are merely images created 
in our own consciousness ; and the farther and scarcely less 
recondite question whether, even if we admit the external 
existence of such objects and phenomena, we may not account 
for them without assuming the existence of any material 
substance ; let us take the ordinary, and what may be called 
the common-sense view of the universe around us. In doing 
so, however, we must not venture to assert it dogmatically, 
or to stigmatise as absurd either of the other views above 
referred to, startling though they may appear. Both of 
them have been and are held by many profound thinkers ; 
neither can be proved to be erroneous, neither can be said 
to be in direct discord with known facts. The thought- 
ful student will find it good to revert to them from time 
to time as he advances in knowledge, and as he gains 
a clearer conception of their meaning he will find them less 
and less incredible. 

Taking then the current view, we hold that all substances 
known to us, whether in the state of solid, liquid, or gas, 

B 
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consist of matter which has an absolute existence. Matter 
is subject to the operation of certain agents called forces^ 
which determine its position in space, and confer upon it its 
properties. The forces can only be known to ns by their 
operations on matter, jnst as motion cannot be conceived of 
except as of something moved. On the other hand, it is no 
less true that, apart from force, we can form no conception of 
matter. 

Different Forms of Force, — The followiBg are the chief 
kinds of force. 

1. Motion. — However motion may have been produced, 
it is, as long as it remains, a true force. A stone moving 
through the air is exerting active force, and the planets exert 
a similar force in their revolution round the sun. 

2. Gravity. — If a stone is suspended by a string, every one 
knows that the string is pulled by it. The stone and the 
earth attract one another, and if the string be cut, the 
stone will fly to the earth and come to rest. This kind 
of attraction is called gravitation, and it is said to be due to 
the force of gravity. It is found to exist in all forms of 
matter. Solids, liquids, and gases all tend to fly to the 
earth, and therefore all exhibit the force of gravity, though 
in very various degrees. Near its surface the great bulk of 
the earth causes its attraction to be so very much greater 
than that of any other body that the term gravity is gene- 
rally applied only to the tendency of bodies to fly to the 
earth. In other words, gravity is generally taken as identical 
with weight. But it is right to remember that all bodies 
attract one another. One stone attracts another, one drop 
of water another drop ; but the masses of the stones and the 
drops are so small that the attraction is too slight to be 
noticed. That the force of gravity keeps the planets in their 
orbits, and regulates the movements of the heavenly bodies, is 
known to alL It is the most important doctrine of astronomy. 

When the force of gravity is not resisted by some other 
force equal in power to itself^ motion is produced. 

The special case of gravity that we call weight is so im 
portant in the study of chemistry that it will be considered 
separately in the next chapter. 

3. Cohesion. — The force which binds together the minute 
particles of which matter consists is called cohesion, but it 
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is probably identical in nature with gravity. It varies very 
much in different substances, and even in the same snbstance 
in different states. To divide ice into smaller portions re- 
quires greater force than to divide water, and no force at all 
is required to divide steam. In solid bodies cohesion is 
stronger than in liquids ; in gases scarcely a trace of it can 
be perceived. The hardness of a solid is the measure of the 
force of cohesion among its particles. 

When cohesion is exerted between dissimilar substances it 
is often called edhesion. The use of glue is a good example 
of adhesion. 

Experiments. — To prove that the force of cohesion exists 
in liquids, allow one pan of a pair of scales to rest on the 
surface of water. A number of weights must now be intro- 
duced into the other pan, before the first one will be removed 
from the water. When at last it rises, some water will still 
adhere to its under suiface. The adhesion between the scale- 
pan and the water is not overcome, but only the cohesion 
between one portion of the water and the rest. 

If only ha& the weights required in the above experiment 
be introduced, and a little ether be then poured on the 
surface of the water, the scale-pan will rise at once. The 
adhesion between the ether and the scale-pan is very slight. 

Cohesion may also be illustrated by cutting a bullet in 
half^ and pressing together with the hands the two clean and 
recently cut surfaces. If the cut has been well made, they 
will unite again with great force. Two pieces of plate^glass 
will do the same, and the glass-makers have to be very care- 
ful not to allow large sheets of plate-glass to lie on one 
another. 

4. Heat is an extremely powerful and important form of 
force. Its influence in chemistry is very extensive, and, like 
gravity, it will be considered in some detail in the next 
chapter. 

6. Light is a force closely allied to heat, and is also closely 
concerned in many of the changes of chemistry. Almost the 
whole of the light and heat of our globe comes to us directly 
or indirectly from the sun. 

6. Electricity, — Experiment 1. — Take a stick of sealing-wax, 
rub it briskly with a piece of flannel and hold it near some 
scraps of paper. They will be attracted by it and will fly 
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upward and adhere to its surface. A tnbe of glass mbbed 
with silk will produce the same effect, but the substance 
called ebonite is more powerful than either. An ebonite 
comb that has been passed through dry hair will not only 
attract scraps of paper and small feathers, but in dry weather 
will emit a crackling sound and a torrent of smaJl sparks, 
quite visible in a dark room. 

In all these cases the strange and interesting force called 
Electricity is set in motion. The "electrical machine" is 
only a plate or cylinder of glass or ebonite, which, by turning 
a handle, can be made to rub against a silk cushion covered 
with amalgam. Electricity produced in this way is called 
fridional electricity. 

Another kind of electricity is known, which is called 
Voltaic, or Galvanic Electricity. The following experiment 
will illustrate the way in which it is produced. 

Eayperiment 2. — Tike a tumbler two-thirds full of water, 
pour into it gradually an oimce and a half by measure of 
sulphuric acid (oil of vitriol), and fill the tumbler up with 
water. The mixture will become very hot, and must be 
allowed to stand until cold. Very likely a white sediment 
will form, but this, which is owing to the presence of lead in 
the acid, will soon subside, and will do no harm. Take a 
strip of sheet copper, and another of zinc, not too large to go 
to the bottom of the tumbler, and high enough to reach to 
the top. Brighten one of the small ends of each with sand- 
paper, and solder on each bright patch a piece of copper 
wire about a foot long. It will improve the experiment very 
much if you can arnalgamate the zinc plate ; that is, coat it 
with mercury (quicksilver.) To do this the zinc must be 
cleaned by immer^ing it for a minute in the weak sulphuric 
acid, and then, while covered with the acid, pouring a little 
mercury on it and rubbing it over the surface with a small 
rag. The surface of the metal will then become as bright 
as a looking-glass. 

The two metals are now to be immersed in the acid with 
the wires out. They should be about half an inch apart, and 
must not touch one another. They can be kept in their 
places by wedges of cork or wood. If the zinc plate has 
been amalgamated no action will take place until the ends of 
the wires are made to touch one another^ when the zinc will 
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immediately begin to dissolve in the acid and electricity to 
pass along the wires. Such an arrangement constitutes a 
simple and not very powerful form of voltaic or galvanic 
battery. It is called a *^ simple cell," and the ends of the 
wires farthest from the plates are called the '' poles." If ten 
snch cells are made, and are joined together by thick copper 
wires, the zinc of one cell to the copper of the next, long 
wires proceeding from the last zinc at one end and the last 
copper at the other, a tolerably powerful battery will be 
obtained, capable of decomposing water and doing other 
chemical work, but the arrangement is never a very powerful 
one, and it is better to buy or make one of the more powerful 
forms of the instrument. 

If the two wires from the simple cell are brought to within 
half an inch of one another, and are then joined with a piece 
of very fine platinum wire, the platinum will immediately 
become red-hot. With a more powerful battery a much 
greater length of wire may be heated to whiteness, and even 
melted by the electricity. Fine iron wire may be burned in 
the same way, but not quite so easily. 

Magnetism is only a peculiar operation of electricity. 

7. Chemical Force, or Ghemiccd Affinity, — The last force 
that we have to consider is called chemical force, because 
the science of chemistry is almost entirely occupied with its 
nature and effects. Its operations are spoken of as chemical 
action. 

Every one knows that iron, heated to redness, changes into 
scales or cinders, and that exposed to moist air or earth, it is 
converted into rust ; that the expressed juice of the grape 
gradually turns to wine, and this again to vinegar ; that 
wood in a stove, or oil in a lamp, disappears in burning ; and 
that animal and vegetable substances in time putrefy, dis* 
integrate, and finally disappear. 

Iron cinders and rust are iron altered in constitution; iron 
is ^ard, tenacious, of a greyish-white colour and brilliant; 
by heating to redness it becomes black, dull and brittle ; on 
exposure to moisture it is converted into a powder of a 
yellowish-brown colour. Wine is altered mus^, in which 
nothing of the sweet taste peculiar to the grape-juice can be 
perceived ; but it has acquired a spirituous fiavour, together 
with a heating and intoxicating power, which was not in the 
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must. Vinegar is altered wine ; it has an acid smell and taste, 
and has lost its spirituous flavour, as well as its exhilarating 
properties, its tendency being rather cooling and sedative. 
Search must be made in the air for the oil and wood which 
have disappeared during combustion ; both these substances 
are converted into vapour or gas, and heat and light are 
thereupon evolved with the phenomenon of fire. Of a 
similar nature are the changes which animal and vegetable 
substances undergo if kept for a suf^cient length of time ; 
they are gradually converted, as they putrefy or decay, into 
various kinds of gas, some of which emit a very disagreeable 
odour. 

Such processes, by which the weight, form, solidity, colour, 
taste, smell, and action of the substances become changed, so 
that new bodies with quite different properties are fbrmed 
from the old, are called chemical procesaeSf or chemical action. 

Wherever we look upon our earth, chemical action is seen 
taking place, on the land, in the air, or in the depths of the 
sea. The hard basalt, the glass-like lava, become gradually 
soft, their dark colomr passes into lighter, they crumble to 
smaller and smaller pieces, and are finally changed to earth. 
A potato placed in the earth grows soft, loses its mealy taste, 
becomes sweet and finally decays. The bud, that sends forth 
a sickly pale shoot in a dark cellar, when exposed to the light 
and air grows up a vigorous, firm, and green plant, which, 
imbibing its nourishment from the moist air and soil, forms 
from their elements new bodies, not to be found previously 
in the water or the air. A delicate network of cells and 
tubes pervadeg the whole plant, imparting to it firmness; 
these we call vegetable tissue, or woody fibre. We find in 
the sap, which passes up and down through these cells, 
albumin and other viscous substances ; in the leaves and in 
the stalks, a green colouring matter — chlorophyll; and in 
the ripe tubers, a mealy substance — starch. None of these 
substances are injurious to health ;, but if the potatoes grow 
in the dark and without soil, for instance, in the cellar, there 
is produced in their long pale shoots a very poisonous body 
— solanine. 

The potato forms one of our most important articles of 
food. The starch contained in it is not soluble in water, but 
when received into the stomach, quickly undergoes such a 
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change tliat it can be dissolved or digested, and then intro- 
duced as a liquid into the blood. The blood comes in con- . 
tact in the lungs with the inhaled air; the blood changes its 
colour, the air changes its constitution, and the heat which 
we feel in our bodies is developed. We must conclude, from 
these changes, that chemical action is going on in our own 
bodies. 

If a piece of iron be heated to redness, till a thick crust of 
scales is formed around it, and then weighed, it will be found 
to have increased in weight ; consequently, it must have been 
supplied with something ponderable from the air. This 
ponderable substance is a species of gas, called oxygen ; by 
its union with the iron it has become fixed, yet by other 
chemical processes it can be reconverted into its gaseous 
form. If this crusts of iron is now exposed for a time to 
moist air, it will gradually become rust, and again weigh 
more than before ; it has attracted and united to itself water, 
and more oxygen from the air. Accordingly, the crust 
consists of iron and oxygen ; the rust, of iron, oxygen, and 
water, which have become most closely united with each 
other ; — they are chemically combined. 

The force which produces such changes as these is called 
Ohsmioal Fobce. In the older works on chemistry it is 
described as << chemical affinity," because it is assumed that 
the tendency of substances to combine with one another is 
due to a kind of liking that they have for each other. Iron 
is 80 very fond of oxygen that it cannot help combining with 
it whenever it gets the chance. But it is unsafe in scientific 
matters to use names which assert more than we really know. 
Now we know that iron combines with oxygen, but we do 
not know that there is any ** affinity " between the two. We 
know that force is exerted, but we do not know why. The 
conditions under which the force is exerted will be ^scussed 
in a future chapter. 

Belation of the Forces to one another, — The forces we have 
been considering, unlike ae they <tre in their manifestations, 
are very closely connected together. Almost any one of them 
may, under suitable circumstances, be made to produce 
another, and it has during the last thirty years been shown 
that the one is directly evolved from the other. It has 
long been perceived to be impossible, under the present 
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arrangement of the nniverse, for matter to be created or 
deBtroyed. It may change ite form and pass ever so many 
times from one state of combination to another; but the 
total quantity remains always, as far as onr means of ob- 
servation enable ns to judge, the same. The grandest 
generalization of modem science, a generalization which we 
may be proud to remember was born within our own day, is 
that which has taught us that force is equally indestructible ; 
that it also, like matter, may imdergo various and countless 
changes ; may appear, now as heat, now as electricity, now as 
chemical action, and now as visible motion, and yet its sum 
will always remain fixed and unalterable. There is no new 
creation of force within the limits of our knowledge. It may 
lie hid for a time — ^for any time — but force is force for ever, 
and whenever we meet with any of its operations in nature 
we may confidently look for its cause in the disappearance 
of some previously active form of energy. The birth of one 
form of force is cdways the death of some other, and the two 
are equivalent to one another in quantity. 

This grand doctrine, which is known as the doctrine of 
the conservation of force, requires complex apparatus, and 
great knowledge for its verification. The demonstration of 
it is indeed still incomplete, though it has gone far enough to 
satisfy every rational mind ; but a few simple experiments 
will serve to illustrate the manner in which one force may 
give rise to others. In other words, we may prove the 
correlation of various forces, though the conservation of force 
must be taken on trust. 

Experiment 1. — Bub a piece of copper wire briskly with 
sand-paper for a minute or two. It will become so hot that 
the hand cannot bear to touch it, and it will readily ignite 
phosphonis or the tip of a lucifer-match. 

Similar illustrations will occur to all. When the axle of 
a railway carriage gets dry, so much heat is produced that 
the carriage is sometimes set on fire. A clever blacksmith 
can hammer a nail till it is red-hot, and so emits light as well 
as heat. During the boring of cannon the shavings are too 
hot to be touched, and, lastly, some savages are able to procure 
a light by rubbing two dry sticks together. 

In all these cases there is a direct conversion of motion 
into heat, and even, in some cases, into light. Friction is 
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but arrested motion — motion hindered or reduced by an 
opposing force. If the sand-paper had not pressed on the 
wire, the same amount of force employed by the arms would 
have given rise to a much greater motion than that actually 
produced. The difference, though lost as motion, takes the 
new form of heat. When a pound weight falls to the earth 
from a height of 772 feet, its motion is lost, but the weight 
and the earth receive heat enough to raise the temperature 
of one pound of water one degree Fahrenheit. 

We have already seen that friction may, under certain cir- 
cumstances, produce electricity, so that we have gained illus- 
trations of the conversion of motion into heat, light, and 
electricity. Let us now start from heat. The steam-engine 
affords the best possible illustration of the conversion of heat 
into motion. The work done by the engine is in direct 
proportion to the heat expended, and so ultimately to the 
coals burnt. When heat becomes sufficiently intense, it is 
always accompanied by light, and Tyndall has devised a 
direct experiment in which invisible heat becomes visible 
light. In fact, heat and light appear only to differ from one 
another as a low and high tone in music do. The conversion 
of heat into electricity requires for its demonstration a thermo- 
pile, a somewhat expensive piece of apparatus. It is doubtful 
whether heat is ever directly converted into chemical force, 
though the converse is one of the commonest of phenomena ; 
but the liberation of the force of cohesion during the dis- 
appearance of heat can be readily demonstrated, as the follow- 
ing experiment will show. 

EaiyperimeAt 2. — Take a tumbler full of powdered crystals 
of soidium sulphate (Glauber's salt), and drench it with 
common hydrochloric acid ^muriatic acid — spirit of salt). 
The salt will rapidly dissolve and become liquid, and the 
force of cohesion previously hidden or stored-up in the salt 
will become free and active. But at the same time heat will 
be taken so rapidly from the materials in the tumbler that the 
outside will become covered with hoar frost, and if a little 
water in a test tube be plunged into the mixture it will 
freeze in a minute or two. Most of the so-called freezing 
mixtures depend upon this principle. 

Ea^eriment 3. — Now try the reverse of this experiment. 
Take a clean Florence oil flask, nearly flU it with hot water, 
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dissolve as much sodium sulphate in it as the water will 
dissolve (filtering the solution if it appears dirty) and then, 
while the solution is nearly boiling, cork the flask tightly 
and allow it to get quite cold. There is now a great deal 
more of the solid in the solution than cold water could 
dissolve, but for some curious reason the excess does not 
immediately separate out. But take out the cork, and in a 
minute beautiful feathery crystals appear at the upper surface 
and pass downwards until the whole mass is solid. If the 
crystallization does not begin at once, drop in a small crystal 
of the sulphate, which will immediately produce the desired 
effect. As soon as the liquid has changed to solid, feel the 
outside of the flask with your hand. It is sensibly warm, 
showing that during the exertion and disappearance of the 
cohesive force heat has been given out. 

The conversion of electricity into other forms of force has 
already been illustrated to some extent in the battery. When 
the platinum becomes red-hot, it emits heat and light. When 
the poles of a powerful battery are connected with pieces of 
coke shaped like lead pencils, and the coke points after 
touching one another are separated by a short distance, a 
most intense light, called the "electric light," passes be> 
tween them. The rays given out by it are similar to those 
of the sun, and, like the sun's rays, they consist of three 
kinds: 

1. Heat rays. 

2. Light rays. 

3. Actinic or chemical rays. 

The chemical rays are invisible, and are only to be recog- 
nised by their effect in producing chemical changes. The 
interesting art of photography entirely depends on the power 
of the rays to produce alterations of composition in certain 
chemical substances, and particularly the compoimds of 
silver. The following experiment will illustrate this curious 
property. 

Experiment 4. — In a room from which daylight is entirely 
excluded, but which may be lighted by a candle, dissolve 
sixty grains of silver nitrate (lunar caustic) in an ounce of 
cold distilled water. Fin a sheet of smootii white paper on 
to a flat board, and, by means of a flat camel's hair brush, 
paint it all over uniformly with the colourless silver solution. 
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Allow it to dry ; repeat the painting, and again allow it to 
dry. Paper so prepared is called "sensitive'' paper. To 
show its properties, place upon it a piece of lace, a few fine 
feathers, or a sprig of fern, cover it with a sheet of window 
glass, and press the glass down with weights at the comers. 
The board may now be bronght out of the dark room and 
exposed to sunlight, or to the strong diffused light of a 
bright day. The paper will soon begin to change colour, 
and after a time it will assume a rich brown tint. The 
whole arrangement must then be taken back to the dark 
room, the glass, ferns, &c., removed, and the paper immersed 
in clean rain wat«r and well soaked, the water being changed 
a good many times. A beautiful image, in white on a dark 
ground, of the object employed will remain on the paper, 
which may now be dried and exposed freely to light, for the 
water will have washed away all the silver salt that has not 
been affected, and the picture will be permanent. 

It has already been mentioned that the action of the sun's 
rays can also be produced by the rays from the electric light, 
and we have therefore an instance, to which many others 
might be added, of the production of chemical force from 
electricity. Even with the single cell described in Experi- 
ment 2, page 4, some striking illustrations may be obtained, 
as will be seen from the experiments which follow. 

JEa^>eriment 5. — Attach a small strip of platinum foil to the 
end of each wire. Cut a card so that it will stand upright 
in a wine-glass, and divide it in two. Then fill the glass 
with the card in it with a solution of the salt called 
potassium iodide, and bring one of the platinum poles into 
each of the two divisions which the card makes. The pole 
which is connected with the copper plate immediately pro- 
duces a brown colour on that side of the card. The elec- 
tricity breaks up, or decomposes the salt into two substances : 
potassium, which owing to its action on water is not seen, 
and iodine, the substance which gives the brown colour in 
this experiment. Pour into the brown liquid on one side of 
the card a little of the smooth pasty liquid obtained by 
adding a good deal of boiling water to starch, stirring and 
cooling. The starch will combine with the iodine and form 
a beautiful blue colour. 

Experiment 6.— Dissolve in some cold water as much of 
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the salt called copper sulphate (blue vitriol) as the water 
will take up, and substitute this solution for the potassium 
iodide used in the last experiment. The card is unnecessary. 
The salt will be decomposed, and copper will be deposited on 
the platinum pole which proceeds from the zinc plate. If 
the poles are reversed the copper will soon dissolve off the 
one platinum plate and appear on the otJier. This experi- 
ment is a simple example of the important manufacturing 
process called electroplating. Other metals, such for in- 
stance as gold and silver, may by analogous means be 
deposited from their solutions. 

Eayperiinent 7. — Decomposition of Water by Electricity, — ^With 
the assistance of a more powerful battery, and the little piece 
Fig. 1. of apparatus shown in Fig. 1, water may be 
decomposed into the two gases of which it 
consists. Thick platinum wires pass through 
the sides of a glass and terminate inside in 
flat plates (stout platinum wires hammered 
flat at the ends do very well). The holes in 
the glass can easily be made by a bradawl 
flled to a square point and constantly moistened 
with a mixture of turpentine and camphor, and 
the .wires may be cemented in the holes with sealing-wax. 
The glass is filled with water to which a drop or two of 
sulphuric acid has been added, and over each of the plates a 
test tube filled with the same acidulated water is inverted. 
The two ends of the wires are now connected with the poles 
of the battery. In an instant bubbles of gas rise from the 
two plates into the test tubes. The gas which comes from 
the pole connected with the zinc is called hydrogen, that from 
the other oxygen ; and it will be observed that the volume of 
the former is twice as great as of the latter. When a little 
gas h&3 been collected, the mouths of the tubes may be closed 
with the thumb, the tubes removed, and the gas examined with 
a taper in the manner described under their respective names. 
This is the most important instance of the production of 
chemical force at the expense of electricity that we possess. 
The electricity disappears during the experiment, but the 
hydrogen and oxygen which are produced are able, as we 
shall find hereafter, to exert an enormous force when they 
once more combine together. 
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Lastly, let us study the forces which are called into 
existence during the exertion and consequent disappearance 
of chemical force. We have, in point of fact, just been con- 
sidering one of the most interesting cases of this kind in the 
voltaic battery. In the battery, the electricity which is called 
into being proceeds directly from, and is proportionate in 
amount to, the chemical force which is destroyed in the cell. 
The zinc is constantly being dissolved by the sulphuric acid, 
and the force which is thereby exerted immediately takes the 
new form of electricity. From this electricity we can, as we 
have seen, produce heat, light, and finally, chemical force, so 
that we can ultimately recover the very same form of force ih&t 
we lost in the battery. One of Faraday's greatest discoveries 
proved that there is no loss of force throughout these changes, 
but that, provided we can prevent the force from assuming 
other forms, the chemical energy produced by the decom- 
position of the water is exactly equal to the energy lost in 
the battery. 

One or two simple experiments will illustrate the direct 
production of other forces from the chemical, but it is un- 
necessary to multiply them, because the whole study of 
chemistry is full of such illustrations. 

Sa^>erimerU 8. — Take a piece of phosphorus, about the size 
of a small pea, and about an equal quantity of iodine. Place 
them side by side on a slate or a piece of tin-plate, and push 
the phosphorus with a knife till it touches the iodine. 
Chemical action is instantly exerted, and the mass bursts 
into flame, producing thereby light and heat, 

Experiinent 9. — Warm two tumblers : put into one a few 
drops of strong ammonia (spirits of hartshorn), and into the 
other a few drops of hydrochloric acid (spirits of salt). 
Each will give out a gas, and when ^he mouths of the 
tumblers are held together these gases will combine, and a 
dense white smoke will be produced, which will before long 
settle down on the inside of the glasses in the form of a 
white solid powder (sal-ammoniac). The chemical action is 
in this case accompanied by the exertion of the forpe of 
cohesion. The lost force takes the form of heat, which, how 
ever, can only be perceived by the thermometer. 

When gunpowder or any other explosive substance is 
burnt, it is converted into gas; very energetic chemical 
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action takes place, and a great deal of force is consumed. 
But the force is entirely reproduced,^ for the cohesion of the 
solid is destroyed, a great expansion, which is nothing but a 
motion of the particles, takes place, and heat and light are 
evolved. Every one knows what powerful work the expan- 
sion may be made to do. Heavy shot ca'n be thrown from 
a gun to an enormous distance, and solid rocks torn in frag- 
ments by the burning even of a small weight of the powder. 

The result of the researches of the last quarter of a century 
has been to convince most scientific men that, various as are 
its manifestations, there is in nature but one force, namely. 
Motion : motion of masses, motion of particles, motion in 
lines, motions of rotation and vibration, and motion in other 
modes. As regards heat and light this strange doctrine may 
be said to be already demonstrated, for these remarkable 
forces have been proved to be merely peculiar modes of 
motion in the particles of matter. And the close connection 
of heat with the other forms of force forbids us to doubt that 
its nature is essentially similar to theirs, and that they also 
are modes of motion. Science has still a great work before 
her in the investigation of force, but enough has already 
been accomplished to enable us to take a far wider view 
of the kingdom of nature than was possible to our fathers, 
and to reveal to us something of the unity and simplicity 
that underlies the marvellous complexity of the universe. 

OBJBOTS OF OHXMIOAL INQUIBY. 

It has already been mentioned that the science of chemistry 
is concerned with the operations of chemical force. There 
Are four chief points to which the attention of the chemist is 
mainly directed in his study of the solid, liquid, and gaseous 
substances which are met with in nature. 

1, Their composition. — Take a piece of bone. How is it 
affected when strongly heated in a furnace ? It becomes 
whiter, lighter, and less solid than before (bone-ashes). Bat 
how is it affected when heated in a covered vessel? It 
becomes lighter, and black (bone-black). If exposed to 
boiling water, or to steam, how is it affected ? It becomes 
lighter, and remains white ; but in the water is dissolved 
gelatine. How in hydrochloric acid? It becomes trans- 
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parent ; the bone-earth is dissolyed, and a gristly mass 
remains, which, when boiled with water, turns to gelatine. 
What is the action of fire upon the gelatine ? In a covered 
vessel it is converted into charcoal, in an open one it boms 
and disappears. These few experiments show that the bone 
contains gelatine which is combustible, and an earth which 
is not so ; they show at the same time that it is the carbonized 
gelatine which, in the second experiment, colours the bone- 
earth black, and makes it bone-black ; that this gelatine dis- 
solves in water, but not in hydrochloric acid, &c. Gelatine 
and bone-earth are called the proximaie constituents of bone, 
but by continued chemical processes these can be resolved 
still further, that is, separated into simpler constituents. 
In bone-earth are found phosphorus, a metal (calcium), and 
oxygen ; in the gelatine, besides carbon, three other bodies — 
oxygen, hydrogen, and nitrogen. These bodies can be de- 
composed no farther by any known method of analysis, and 
are therefore called simple bodies, or elements. There are 
now about sixty known elements, and almost every year 
adds to their number ; but this increase is of little importance 
to chemical science or its applications, for it consists of ele- 
ments which but very seldom occur. This separating of 
compound bodies into simple ones is designated by the name 
of decomposition, and the process of ascertaining the com- 
position of any substance is called analysis. 

When a substance contains two or more elements, held 
together by chemical force, it is called a compound. Com- 
pounds are always quite, different in properties from their 
constituents. 

When a substance containB two or more other substances 
(elements or compounds), not held together by chemical force, 
but present as it were accidentally together, it is called a 
mixture. In a mixture the properties of the separate in- 
gredients are still perceptible. 

This distinction between element, compound, and mixture 
is very important. The following illustrations will assist to 
fix it in tbe memory. Water is a compound of the elements 
hydrogen and oxygen, which are held together by chemical 
force. Air is a miocture of the elements oxygen and nitrogen, 
which are not in chemical combination with one another. 
Gunpowder is a mixhtre, containing the elements carbon and 
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sulpbur and the compound saltpetre. The compound salt- 
petre contains the elements potassium, nitrogen, and oxygen. 

2. The changes which they undergo hy the aetixm of other bodies 
and of the various forces upon them, — Phosphorus, which is 
obtained from bones, is luminous in the air, and is gradually 
converted into an acid liquid ; it unites with the oxygen of 
the air and with water, as the iron 4id when exposed to 
moist air. If the phosphorus is gently heated, this union is 
attended with a vivid combustion, and there is formed a body 
which is different from the former ; to which, if water and 
lime be added, a new body is formed, very similar to bone- 
ashes ; it is, in fact, artificial bone-ashes. The number of 
new bodies which may be produced by the union of the ele- 
ments with each other, or with compound bodies, is infinite ; 
and entirely different substances are often formed, according 
as the combination takes place under the influence of cold or 
heat, in water or in air, in greater or smaller quantities. 
This is combination or syntltesis, 

8. The causes of chemical changes and the laws OAxording to 
which they take pkux. — If chemical experiments are performed 
as they should be, with the balance in the hand, it will soon 
be observed, that when two different bodies which can unite 
with each other are brought together, sometimes a part of 
the one, sometimes a part of the other, remains free. Further 
experiments will show how much of one body, in weight, can 
be united with the other. If all bodies are tested in the 
same manner, the certainty is finally attained, that all 
chemical combinations take place only in fixed, unchangeable 
proportions, and that to every individual body is assigned a 
definite weight, with which it always enters into any com- 
bination whatever. (Chap. III.) This certainty is called a 
naiural law. Many such laws of nature have already been 
ascertained, and they serve as a certain guide to the chemist 
in his labours, since they cannot, like human laws, be arbi- 
trarily evaded or changed. By them alone we attain to a 
scientific insight into chemical processes, and to the capability 
of putting direct questions to bodies by experiment, and of 
testing the truth of the answers received. An explanation 
of chemical processes based on. natural laws, which presents 
a clear idea of the subject to the mind, is called a Theory, 

4. The extent to which the fads which have been discovered 
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may he made useful to man, — Wbon the chemist disooyers a 
new body, or a new property in one already known, or a new 
method of synthesis or analysis, he imparts his discovery to 
the apothecary, the physician, the farmer, the manufacturer, 
and the tradesman, that experiments may be instituted for 
the purpose of ascertaining whether any advantage, facility, 
or improvement can be derived for pharmacy, medicine, 
agriculture, or the arts. Phosphorus ignites spontaneously 
at a gentle heat ; it is used in lucifer matches. Taken into 
the stomach, it acts as a yiolent poison ; it is at present the 
most common means for the destruction of rats and mice. 
The constituents of bone-earth and those of gelatine have 
been found to be universally present in the seeds of different 
kinds of com ; the chemist concludes from this that pul- 
verised bones should yield an excellent manure for corn ; the 
agriculturist demons^ates this by experiments on a large 
scale. In bone-black the property has been discovered of 
attracting many substances held in solution in liquids, and of 
condensing them in itseK: on accoimt of this property it is 
used for making impure water potable; the sugar-refiner 
employs it to make brown syrup colourless; with it the 
distiller purifies spirit from fusel oil. This is applied or 
practical chemistry. 

Nothing is better calculated to excite an interest in 
chemical knowledge than a consideration of the useful appli- 
cation which can be made of it in every-day life. Chemistry 
teaches the apothecary how to compound and prepare his 
medicines ; it teaches the physician how to cure maladies by 
means of these medicines ; it not only shows the miner the 
metals concealed in rocks, but aids him also in smelting and 
working them. Chemistry, in connection with physics, hafi 
been the principal lever by which so many arts and trades 
have been brought to such a degree of perfection within the 
last few decades, and by its means we have been supplied 
with numberless conveniences of life that were not enjoyed 
by our fathers. It cannot be doubted that the farmer must 
at once regard chemistry as his indispensable friend, for it is 
this alone which acquaints him with the constituent parts of 
his soil, with the proper nutriment of the plants he wishes 
to cultivate, and with the means whereby he can enhance 
the fruitfulness of his fields. 
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The fincient so-called Elements, — The dogma of the ancient 
philosophers, that there are four elements, earth, air, water, 
and fire, has long been known to be erroneous, although the 
words are still repeated very often. We now know that three of 
them are either mixtures or compounds of the true elements, 
and that fire is but a peculiar operation of heat and light 
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CHAPTER II. 

> 6BAYITY, HEAT, PBBSSUBB. 

GRAVITY. 

The force of gravity is chiefly interesting to chemists because 
it confers upon all kinds of matter the property called 
weight. 

WEIGHING AND MEASUfilNG. 

Weighing, — The balance is to, the chemist what the compass 
is to the mariner. The ocean was indeed navigated before 
the discovery of the compass; but not till after this could the 
sailor steer with confldence to a certain place,, and recover 
his proper course, however often lost. And so, in chemistry, no 
systematic method of study could be pursued before the intro- 
duction of the balance. The balance is the plumb-line, as 
well as the touchstone in chemical experiments ;. it teaches 
us how to ascertain the true composition of bodies,. and shows 
ns whether the questions put, ilie answers received, or the 
conclusions drawn from them, are correct or false. Hence it 
cannot be too strongly recommended to ^ose commencing 
the study of chemistry to use the balance even in simple 
experiments. For the experiments described in this book, a 
common apothecaries' balance is all that is requisite. 

Such a balance consists of a brass or steel lever (beam), 
with arms of equal length, through the centre of which passes 
a steel wedge-shaped axis, resting on a hardened plate, so 
that the beam, to the extremities of which the pans are 
attached, may easily vibrate. It is essential that the axis 
should be in the right place in the beam, a little above its 
centre of gravity, as in Fig. 2, a. The centre of gravity 
can be fomid by balancing the beam on its flat side, with the 
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index attached to it, upon a knitting-needle, and when the 

beam rests horizontally, the point of the needle designates the 

■pi^ 2 centre of gravity. If the 

axis be placed too low beneath 
the centre of gravity, as in 
Fig. 2, 6, the beam will 
overset, if one of the pans 
is more heavily loaded than 
the other. If placed di- 
rectly in the centre of gravity, 
the balance itself will cease 
to vibrate when the beam is 
in an oblique position. 
When the axis is too high above the centre of gravity, the 
balance loses much of its sensibility. This latter defect occors 
most frequently, but is easily remedied by lowering the axis. 
Avoirdupois weight is most frequently used in England. 
The only numbers required in chemistry are the following : — 

Poand Ounces. Grains. 

1 = 16 = 7000 

1 = 437-5 

Apothecaries' weight is somewhat different, but the grain 
is the same. 

Pound. 0unce& Drachms. Scruples. Grains. 

1 = 12 = 96 = 288 = 5760 

1 = 8 = 24 = 480 

1 = 3 = 60 

1 = 20 

The new French system of weights and measures, which is 
now almost universally adopted by chemists, is characterised 
by great simplicity, all its divisions being made by ten; 
hence the name decimal weight and measure. Its unit is 
derived from the size of our globe. 

In order to define the different localities on this globe, 
imaginary circles, as is well known, have been drawn around 
it. Those which pass round the earth from east to west, the 
largest of which is the equator, are called parallels of 
latitude (circles of latitude); those which pass round the 
earth lengthwise, intersecting at the poles, meridiana (circles 
of longitude). The parallels of latitude gradually become 
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smallei towMds the poles ; the meridians, on the contruy, 

are all of equal size. The circle N £ S W N represents 

a meridian or circle of longitude. 

The foorth part of this circle, or, 

what is the same thing, the fonrth 

part of the cirenmfereiiee of our 

earth, as K £, is the basie of | 

the French system. This quad- j 

drant was divided into ten million 

parts, one of which was taken as 

the miit, under the name of meiTe. 

A metre is abont 39^ inches in 

lengtL The smaller measures are I 

produced by diriding by ten, and 

are designated by Latin prefixes ; 

i by moltiplying by ten, and are designated 




y Greek prefixes. 






Snuller Ueuons. 




IdrgnMe 


Metre. 




Metre. 


Decimetre - 1 or 






CeBtimetre = -01 or 


X 


Hectometre = 


Millimetre = -001 oi 


rnira 


Mjriametre - 



The ^Btom of weights was derived from the measore of 
length, in the following manner. A onbical box was taken, 
measoring exactly one centimetre in each direction, and this 
was filled with water at its greatest density (at the tempera- 
ture 40° r.) (4° C.) ;, the weight of this quantity of water was 
called a gramme. This is taken as the nnit of the decimal 
weights, and is multiplied or divided by ten. 

Smaller Welghls. Lirger WrighU. 

Gramme =1-0 Gramma = I 

Decigramme = ■! or A gramme. Decagtamme = 10 gramoiea. 

Centigramme= "01 or 4, „ Hectqgranmie = 100 „ 
Milligramme = -001 or Jl „ Kilogremme = 1,000 „ 
Myfii^T»mme= 10,000 
One gramma is equal to 15-432349 gra. Tioj. 
One kilogmmms is equal to 2-2046 lbs. At. 
It is well enough known that the body whose weight ia to 
be ascertained most be put into one scale, and in the other, 
weights sufficient to restore the index to its original perpen- 
dicular position. The weight of a body thus determined is, 
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in scientific language, called its absolute weight. Tbns, a 
piece of sugar Weighing two ounces has an absolute weight of 
two ounces ; or, if ajvessel be filled with two pounds and one 
ounce of water, this water has an absolute weight of two 
pounds and one ounce. 

Measuring of Liquids and Gases.—The English system for 
liquids is as follows : — 



O&llon. Quarta. Pints. 


Fliiid Onnoes. J 


Plnid Draduns. 




Minima. 


c. a 


fl.3. 


fl.3. 




m- 


1 = 4 = 8 


= 160 = 


1,280 


^3 


76,800 


1 = 2 


= 40 = 


320 


rr 


19,200 


1 


= 20 = 


160 


z:z 


9,600 




1 = 


8 


i^ 


480 






1 


^n 


60 



1 gallon of water at 60° Fab. = 277-276 cubic inches, weighs 10 lbs. 
Av. = 70,000 grains. 

1 fluid ounce of water weighs 1 ounce Av. = 437*5 grains. 

Grains of water are likewise frequently employed as a measure for 
liquids. 1,000 grain measures = Vs of a gallon. 

Grases are generally measured in cubic inches. 

The standard of measure in the French system is the Ktre, 
which is the same as one cubic decimetre, or a cube of nearly 
4 inches on each side. The same prefixes are used for the 
fractions and multiples as for the metre and gramme, but it 
will be seen that the litre is also equal to 1000 cvbic centi- 
metres. Cubic centimetres are generally used in chemistry 
for the measurement both of liquids and gases. As one cubic 
centimetre of water weighs one gramme, a litre of water 
weighs 1 kilogramme. It is almost exactly equal to If pint. 

SFSOIFIG ORAYITY. 

Ice floats in water, iron sinks in it, because the former is 
lighter, the latter heavier, than water. But if we put a piece 
of ice in spirit it sinks, or if we put a piece of iron upon 
mercury (quicksilver), it floats ; consequently, ice is heavier 
than spirit, iron lighter than mercury. It also follows that 
spirit is lighter than water, since it can support less weight, 
and mercury heavier than water, as it can bear a greater 
weight. The terms heavier and lighter, in this sense, 
correspond to what in scientific language is called spedfieaUy 
heamer or specifically lighter, and equal bulks are always to be 
understood in speaking of the comparative weights of bodies. 
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The expression, ice is lighter than iron, means, therefore, that, 
taking eqnal bulks of each, the former weighs less than the 
latter ; and when we say that mercury is heavier than water, 
we mean that in equal volumes, as a pint, for instance, the 
mercury has a greater weight than the water. But in absolute 
Yreighi, no regard is paid to the volume of snbtances. 

In order to ascertain how many times heavier mercury is 
than water, or iron than ice, it is only necessary to weigh 
equal volumes or portions of each, and to compare their weights. 
If, for example, we take five vessels, each of which would contain 
exactly 100 grains of water, and fill them respectively with 
spirit, ice, water, iron, and mercury, the following differences 
in weight will be found : the vessel with spirit would 
weigh 80 grains ; with ice, 90 grains ; with water, 100 grains ; 
with iron (if quite pure), 780 grains ; with mercury, 1850 grains. 

To facilitate the comparison of the numbers which denote 
how much greater the specific gravity of one body is than 
that of another, water has been fixed upon as the standard or 
unit. Therefore, in the above case, the question is, how much 
lighter than water are spirit and ice, and how much heavier 
are iron and mercury ? or, in other words, how many times 
is 100 contained in 80, 90, 780, and 1360? The other 
numbers, then, are to be divided by 100, the weighi of water, 
and there is found for 
Spirit, -i^, or, in decimals, 0'80 ; it is therefore ^ lighter 

than water. 
Ice, -^^t or, in decimals, 0*90 ; it is therefore ^ lighter than 

water. 
Iron, {^, or, in decimals, 7*80 ; it is therefore 7^ times 

heavier than water. 
Mercury, ^j^, or, in decimals, 13*60 ; it is therefore 13^ 

times heavier than water. 

These numbers represent the specific weights (sp. gr.). 
Thus, according to calculation, spirit having a specific 
gravity of 0*80, 80 parts of it would occupy the same space 
as 100 parts of water; therefore it is only f our-fiffchs as heavy 
as water, or, what is the same thing, one-fifth lighter than 
water. The specific gravity of mercury being 13*5, that is, 
13^ parts of mercury do not take up more space than one 
part of water ; since it is 13^ times heavier than water. 

Determin/oiion of Specific Gravity, — Experiment, — To deter- 
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mine the specific gravity (the density) of a flnid, a vial is 
weighed, then filled with water, and again weighed. This 
gives the weight of the water. Now pour out the water, 
and refill the vial either with spirit, syrup, lye, beer, or some 
other liquid, and ascertain by the balance the weight of each. 
Then divide the weight of each of these fluids by the weight 
of the water, and the quotient indicates the specific weight. 
It is very convenient to use a vial made to contain exactly 
1000 grains of water, as then, without any calculation, the 
number of grains which such a vial contains of any liquid 
expresses its specific weight. 

Experiment. — ^Weigh a bottle filled with water ; then place 
a half-ounce weight (apothecaries' scale) on the pan which 
holds the weights, and by the side of the bottle nails enough 
to adjust the beam. Bemove both the nails and the bottle from 
the pan, and put the nails into the bottle. A bulk of water 
will be displaced equal to that of the nails ; to determine its 
amount, replace the bottle, after it has been thoroughly wiped 
on the outside, upon the pan, and remove weights from the 
other pan until the equipoise is restored. The weights taken 
away (about 82 grains) form the divisor, and the half-ounce, 
or 240 grains, the dividend ; the quotient, ^ = 7*5, is the 
specific gravity of iron, of which the nails were made. 

The specific gravity of gases is determined by a process 
which is similar in principle to the above, but is much more 
difficult. The standard of specific gravity for gases^ now 
generally used is hydrogen, which is the lightest gas known. 
When we say that the specific gravity of oxygen is 16, we 
mean that it is 16 times heavier than hydrogen. Air is 
sometimes taken as the standard. It is 14*4 times heavier 
than hydrogen, so that, knowing the specific gravity of a gas 
in relation to hydrogen, it is easy to fiid it in relation to air 
by dividing by 14*4. Thus the specific gravity of oxygen as 
compared with air is -^^^ = 1*1. 

ExperimevU, — K we have to determine the specific gravity 
of a piece of iron, or of any other body which cannot be put 
into a bottle, it must be fastened by a piece of fine thread to 
the pan of a common balance (Fig. 4, &), the cords of this 
pan having been previously shortened. Weigh the body first 
in air, and then in water, immersing it an inch deep. When 
it is immersed, the opposite pan falls; conseqn^itly iron 
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must be lighter in the water than in the air. If the iron in 
the air weighed half an ounce, then, in order to restore the 
equilibrium, it will be Fig. 4. 

necessary, as in the o 

former experiment, to re- 
moye from the pan a 32 
grains, equal to the weight 
of the bulk of water dis- 
placed by the iron. The 
loss of weight is the 
same, whether the water 
be removed from the 
vessel or merely dis- 
placed within it. This 
forms the divisor, and 
240, the weight of the 
iron in the air, the dividend, giving the quotient ^ = 7*6. 

Every substance becomes as much lighter in water as 
the quantity of water displaced weighs; this is a law of 
nature. If it displaces less water than its weight in the air, 
it sinks ; if more, it floats. Even very heavy bodies can be 
made to float by increasing their volume; ships are con- 
structed of iron, although it is eight times heavier than 
water; a tumbler floats upon water, and yet the specific 
gravity of glass is from three to four times greater than that 
of water. A thick piece of iron, weighing haK an ounce, 
loses in water nearly one-eighth of its weight; but if it 
is hammered out into a plate or vessel of such a size that it 
occupies eight times as much space as before, it then loses 
its whole weight' in water, and will float, sinking just to the 
brim. If made twice as large, it will displace one ounce of 
water — consequently twice its own weight ; it will then sink 
to the middle, and can be loaded with haK an ounce weight 
before sinking entirely. 

Hydrometer or Areometer, — The same floating body will sink 
to a greater or less depth in different liquids — deeper in the 
lighter ones, and not so de^ in those which are denser. 
This has suggested a very convenient instrument for deter- 
mining the specific gravity of liquids — ^the hydrometer, or 
areorwBter, This instrument consists of a hollow glass tube, 
made as represented in Fig. 5. The interior is hollow, and 
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blown out into a bnlb at the lower end, to cause it to float ; 
the under part is loaded with quicksilver or shot, to give it 
a vertical position. The narrow tube serves to denote the 
Fig. 5. depth to which it sinks in any liquid, by means 
of a scale of degrees, with which it is famished. 
There are various instruments of this kind, 
especially adapted for determining the density 
of spirits, brandy, oil, lye, syrup, &c. If a hy- 
drometer for weighing spirits is put into water, 
it sinks only to the lowest point on the scale, 0^ 
(Fig. 5, a) ; but in the strongest alcohol, which 
I is much lighter than water, it sinks to the highest 
point, 100°. A scale for testing lye (Fig. 5, h) 
must, on the contrary, have the 0° point at the 
top of the scale, to which it would sink in pure 
water; for, lye being heavier than water, the instrument 
would be more or less buo^^ed up in it, according to its 
strength. In hydrometers for lighter liquids, the degrees 
proceed from the bottom to the top ; in those for heavier 
liquids, from the top downwards. In most of these scales, 
the degrees are arbitrary; and, in order to convert them 
into the corresponding specific numbers, tables, constructed 
for the pilrpose, must be referred to. 

Experiment. — Pour brandy into a cylindrical jar, and 
observe the degree which it marks on the hydrometer ; then 
Fig. 6. P^^ ^^ ^^ ft warm place, and, when lukewarm, again 
note the degree, which will be higher than before, as 
the heat has expanded the liquid, made it lighter, 
and, consequently, apparently stronger than it really 
is (Chap. III.). The specific gravity of all bodies, 
when warmed, is less than when cold. On this ac- 
count, in determining the density of bodies, regard 
should be paid to their temperature, and it has been 
agreed to consider 60° F. (15-5° C.) (Chap. HI.) as 
the mean temperature. 

In the more accurate hydrometers, the mercury 
serving as the coimterpoise has been ingeniously con- 
trived also to indicate the degree of heat of the 
liquid, by connecting with it a graduated tube. The 
small scale, a (Fig. 6), denotes the temperature, the 
long scale, &, the density. The small scale is frequently 
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SO constructed, that the degrees correspond to those on the 
long scale, and in order to guard against error it is only 
necessary to add the degrees below the mean temperature 
to the density, or to subtract from the density those above. 

Grold is nineteen times, and silver ten times, heavier than 
water ; gold alloyed with silver must, therefore, have a less 
specific weight than pure gold. The specific weight of brass 
is only = 8. Alcohol and ether are lighter in proportion to 
their purity and strength, while lye, syrup, the acids, &c., 
increase in density according to their purity. Hence it is 
evident how important it is, in many cases, to know the spe- 
cific gravity of a body in order to judge of its quality. 

HEAT. 

We have already seen that heat is often given out during 
chemical action. When chemical force is exerted, heat is 
generally, if not always, produced ; and, on the other hand, 
many chemical changes will not take place without the 
assistance of heat. 

The artificial heat which is employed in chemical opera- 
tions and in ordinary life is obtained from chemical action. 
Coal, wood, spirit, oils, and all the other kinds of fuel under- 
go a chemicaLchange when they bum, which will be fully 
explained hereafter. They combine with the oxygen of the 
air, and in doing so chemioJ force is consumed and changed 
into heat. 

Sources of heat for chemical operations. — ^If the student is 
fortunate enough to have gas at his command, he will seldom 
need any other fuel. The gas may be brought from the 
nearest burner, from which the jet has been screwed off, by 
means of an india-rubber tube. For most purposes, the 
burner known as the Bunsen burner (Fig. 7) is the best. 
The gas becomes mixed with air in this ^\g 7, 

burner before burning, and bums there- 
fore with a smokeless flame, which gives 
very little light, but an intense heat. 
Little iron caps, a (Fig. 7), are sold 
with each bumer, which fit on it, and 
convert the single flame into a ring of 
smaUer jets. A small argand gas<bumer with a copper chim- 
ney is idso very convenient where gentle heat is required. 
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If gas cannot be obtained, a small spirit-lamp, encli as 
shown in Fig. 8, may be nBed for ordinary purposes, and 
methylated spirit, which is very cheap, may be burned in it. 
More powerful spirit-lamps arc, howeTer, sold, and small oil- 
lamps may sometimes be employed for the sake of economy 
when the heat has to be employed for a long time. Fomaces 
are scarcely necesBary to the beginner in chemistry. The 
few crucible operations he has to perform may be done in a 

KFPBOXa OF HBAT. 

.EcpanMon of Liquids. — .Eeperinieni 1, — Counterpoise a 
flask — that is, place it on one of the pans of a balance, and 
equipoise it b; weights or shot put into the opposite pan ; 
then fill it with water, and note the 
weight of the latter. Warm the flash 
on a tripod over a spirit-lamp or 
gas-burner, moving it round gently 
at first, that the flask may heat gradually. 
The water will soon rise, and part 
of it ran over. When it begins to 
boil, remove the lamp, and let the 
vessel cool, and the water will then 
sink loiver than it stood before. How 
. much has been displaced is foond 
by its loss in weight; it will amount 
to about ^'^ of the first weight. 

The lamp heats the bottom of the glass vessel, which in 
its turn communicates heat to the water. The heat expands 
the water, consequently it occupies a greater space than be- 
fore, and part of it must mn over. Hence it follows that warm 
water must be lighter than cold water. If a pitcher filled 
with two pounds of ice-cold water be afterwards filled with 
boiling water, it will weigh about an ounce and a half lees. 

The same occurs with all other liquids, and, indeed, also 
with solids and gases ; hence, it may be stated as a natural 
law, that ttU bodies expand hy heai, and contract on cooling. 
But the amount of expansion is very different in diflbreut 
bodies at the same temperature ; alcohol, for example, ex- 
pands two and a half times more, mercury two and a half 
times less, than water. When fluids are to be bought and 
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sold by measure, an advantageous application may be made 
of this principle. If a hundred measures of brandy or 
alcohol are purchased in hot, and sold in cold weather, there 
would be a loss of four or five measures ; therefore we should 
gain by buying in winter and selling in summer. 

Escperiment 2. — In order to observe more accurately the 
expansion of water by heat, adapt to a flask a cork, ^*g, 9, 
rendered so soft by gently striking it with a piece 
of wood that it may be exactly fltted to the open- 
ing by mere pressure ; perforate the cork with a 
round flle, and make the hole just large enough to 
admit a glass tube tightly. Fill the flask with 
water, so that, when the cork is firmly pushed in, 
the water shall stand at about a (Fig. 9), and heat 
it as in the former experiment. 

The water, which in the former experiment was 
displaced from the flask, now rises in the tube, and 
this higher in proportion to the smallness of its 
bore. By this means very slight changes of space 
are rendered visible, and these deviations may be 
applied to the measurement of heat. This is done 
particular instruments called thermometers. 

Thermxymeter. — Water might be employed for measuring 
heat, by marking the boiling and freezing points, and gradu- 
ating the intervening space ; but mercury is far better 
adapted to the purpose, as it boils and freezes at greater 
extremes of temperature, and becomes hot and cold more 
quickly ; hence it more quickly denotes the variations of 
heat and cold: moreover it expands more uniformly than 
water. 

The vessel containing the mercury may also be regarded 
as consisting of a flask and tube, but which, instead of being 
joined by a cork, are composed of one entire piece. Having 
introduced into it a sufficient quantity of mercury, and sealed 
the open end by fusion, it is immersed in melting ice, and 
the point to which the quicksilver falls is marked /reezin^ 
point ; that to which it rises in boiling water, boiling point. 
The space between these two points can now be divided into 
degrees, to form the scale. The degrees below the freezing 
point must be of the same dimensions as those above. There 
are several scales in use, though it is to be regretted that 
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more thaB one has beea adopted. The moat ci 
three following : — Reaumur's (E.), divided into eighty degrees ; 
the centigrade of Gdrnm (C), into one hundred ; and Fahrea- 
heit'a {¥.), into one hundred and eighty degrees. The difference 
between these can be easily seen in the annexed fignre. 
According to B. water freezes at 0° and boils at 80° ; 
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cording to C. it&eezes at 0°, and boils 
at 100°; according to F. it freezes at 
■ f 32°, and boils at 212°. 

Fahrenheit, a philosophical-inetra- 
i ment maker, commenced reckoning 
I very strangely, not at the freezing 
I point, but at ^2° helow it. His scale 
' i still in common use in England, 
I and the high numbers found in Eng- 
I lish works are thus accounted for. In 
I German}', Beaumur'a thermometer is 
id, except for soientifio purposes, 
I when theOentifjrruJe.incommon use in 
I France also, is employed. In order 
' to compare these thermometers with 
each other, it need only be remembered that i° £. are as 
large aa 5° 0, or 9° F. In reducing the degrees of 
Fahrenheit's scale above S2" to those of the Centigrade, 
the number of degrees above or below 32° must be mul- 
Fig. 11. tiplied by 5 and the product divided by 9. And 
to reduce those of Fahrenheit to Beaumur, the 
number of degrees above or below 32° must be 
multiplied by i and divided by 9. To the 
degrees above 0°, the sign + is prefixed or 
undetatood ; to those below, the sign — is invariably 
added. 

A cylindrical thermometer, graduated to about 
600° F. (315° C), is best suited for chemical experi- 
ments, as shown in the annexed fignre, because it can 
be easily adapted to a perforated cork, and then fitted 
to a flask, in which liquids are to be heated to a 
certain temperature. The degrees above the boiling 
point are to be divided off at distances equal to those below. 

Mercury freezes at —38° F. (—39° C). In the northern 
regions of the oartli a degree of cold of — 66°F. (— 50° C.) 
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has been observed, and by artificial means the temperature 
can be lowered to —148° F. (—100° C), or even lower. 
When great degrees of cold are to be measured, alcohol is 
used in the construction of this instrument, as it does not 
congeal at —148° F. (—100° C). 

Mercury boils at 662° F. (350° C.) ; therefore its use must 
be limited to temperatures below this point. The high tem- 
peratures attending ignition are sometimes measured by the 
expansion of bars of platinum, a metal which does not melt 
even in the hottest furnace. Such an instrument is called a 
pyrometer. The determination of ve^y high temperatures 
is, however, still very unsatisfactory. 

Maopaimcm of Solids. — If an iron vessel, when cold, is just 
large enough to pass through the door of a furnace, it cannot 
be removed from it when heated. The iron bands or tires 
of carriage-wheels are applied while red-hot to the frame, 
and on cooling they contract and bind the wood-work 
together with great force. A metallic disk, which, when red- 
hot, fits exactly into a circular box, will, on cooling, become 
loose, and shake in it. The tire and the disk both become 
smaller on cooling. These examples show that solids also are 
expanded by heat and contracted by cold, and explain many 
of the phenomena of common life. Clocks are apt to go 
faster in winter, and slower in simimer, because the pen- 
dulums elongate in summer, and, consequently, vibrate slower ; 
while in winter they become shorter, and vibrate more rapidly. 
A piano gives a higher tone in a cold than in a warm room, 
on account of the contraction of the strings. A nail driven 
into the wall becomes loose after a time, because the iron 
expands in summer and contracts in winter more than the 
stone or the wood, and thus the opening is gradually en- 
larged. For this reason, in the construction of railroads, 
the rails must not be laid too dose together ; in the arrange- 
ment of steam-pipes, these must not be too firmly inclosed ; 
in roofing, the zinc plates, instead of being nailed together, 
must overlap each other, that they may neither tear nor warp 
on alternate contraction and expansion. 

Brittle bodies, as glass and porcelain, expand or contract 
80 rapidly, by sudden heating or cooling, that they break. 

Experiment 3. — Wind round a vial two bands of paper, a 
and &, Fig. 12, and secure them firmly with thread; pass a 
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piece of string ronnd the vial, between these folds of 
paper, and more the vial quickl; to and fro on the string 
nntil the latter breaks. Then immediatelj ponr cold 
vater upon the place, and the glass will break aB evenly 
„, ,. as if cat. The sharp edges can be remoTed 
•^'^^ "■ with a file. In this manner, common white 
or green glass bottles may be converted 
into vessels adapted to chemical and other 



i well known that heat is produced by 
the friction of two bodies upon each other; 
that by sliding qnickly down a line or a pole 
by the hands, these will be burnt; and that 
rapid motion will ignite the axles of a car- 
riage, unless they ace well greased. Thus, in 
the above experiment, the friction produced great heat in the 
glass, the string emitted a burnt odour and broke, and great 
expansion of the glass was produced. When the enter 
surface woe suddenly cooled by the cold water, the expanded 
particles at once contracted, and more rapidly in the external 
particles than in those of the inner surface, causing the frac- 
ture of the glass, and the more easily the greater its thick- 
ness. If the temperfttnre had been slowly reduced, it woold 
not have broken. 

Thus it is obvious (a) that glass and porcelain vessels 
intended for snsfaining high temperatiu-es, such as flasks, 
alembics, retorts, capsules, &c^ should be ibiit, particularly 
at the bottom ; and (h) that, when used, they ^onld always 
be gradually heated and cooled. 

The above method of heating glass by a piece of string 
famishes the chemist with a simple expedient for removing 
stoppers which are too firmly fixed in the bottles to be taken 
out by turning or tapping them. All that is necessary is to 
wind a piece of thick string round the neck of the bottle, and 
move it quickly nntil sufGcient heat has been produced to 
loosen the stopper. 

No two solids expand alike ; the metals expand the most, 
and all solids less than fluids. 

Expantion by Cold. — A remarkable exception to this law oi 
expansion by heat and contraction by cold occurs in the case 
of water. 
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U 4.— A large flask is amuiged as directed in Ex- 
periment 2, page 29, bnt inserting a oylin- 
' drical thermometer, a, throngk a second 

hole made in the Cork. The flask is filled 

with water to the top of the tube h, and 

placed in a vessel filled with snow. A 

strip of paper ina; be pasted on this 

tube, upon which the level of the water 

may be marked as the thermometer fells. 

The water as it coola will sink in the 

tube nntil the mercury stands at 39° F. 

(4° C); yet, on cooling still more, it 

does not fell any further, as we should 

expect it would, bnt, on the contrary, it 

begins to rise ^ain, and continnes to do 

BO till it reaches the freezing point At 

32° F. (0° C.) it stands at the same 

point as when ita temperature was at 

46° F. (8° C). Water is accordingly most dense at 39° F. 

(4° 0.) ; all other liqnids continue to increase in density 
B8 they cool. 

However nnimportant this exception may appear at 
first, onr admiration must be the greater when we reflect 
npon ita consequences. Were it not for this, our country 
would have the climate of Greenland. Ilie freezing of onr 
waters, as the winter sets in, is principally owing to the 
coldness of the atmosphere. Conaeqaently, the upper part of 
the water is colder and heavier, and sinks to the bottom ; the 
warmer water ascends, becomes cold, and also sinks. If the 
water 'continnally became denser, to ita freezing point, this 
circulation would continue till the whole mass of water to its 
greatest depth reached 32° F. (0° C), and a few cold days 
woald suffice to convert all our ponds, lakes, and rivers into 
ice. This does not happen, because the circulation ceases 
when its temperature has fellen to 39° F. (4° C), when the 
water, though yet colder, becomes lighter, and flouts on the 
surfiu^ ThuB, freezing can only ti^e place at the surface, 
and the ice be but gradually formed. At a small depth 
below the ice the water generally retains the temperatuie of 
39° F. {4° C.) 

Expansion of Gaga. — Ex^Kriment B. — Dip a glass tube, pro- 
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Tided with a bulb, into water, and beat the bolb gently ; a 
part of the air is expelled, and escapee in bubbles throngb the 
water; consequently, there is not room 
enough in the bulb for the heated air ; but 
it lequirea a larger space than it did in its 
cold condition. It follows from this, also, 
that the warm air is lighter than cold. If 
the lamp be removed, the air remaining in 
the bulb will contract on cooling, and water 
will be pressed up into the bulb, replacing 
the air which has been expelled. Such an 
apparatus, when the tube is small, may be 
k used as an air thermometer. When the bnlb 
' is heated, the liquid descends in the tube, 
and vice eered. 

All gases expand alilie when equally 
heated, differing in this respect from solids 
and liquids. The extent to which they 
expand is moreover mach greater than with either of the 
other forms of matter. A gas at freezing point expaadn 
f^j of its volume for every degree Fahrenheit (7I7 of its 
volume for every degree centigrade) that is added to its 
temperature, so that it is very easy, knowing the Tolnme 
that a certain weight of gas occupies at one temperature, 
to calculate what its volume would be at some given 
standard temperature. In experiments on gases their volume 
is always given (unless otherwise stated) at 0° C, or 32° F., 
which is therefore said to be the standard of temperalvTe. 

Example.— A certain ireijii of go* measures 23 cubic inches 
at 66° F. : what tootdd be its volume atSQP F.f 

491 volumes at 32° become 492 at 33°, 493 at 34"^, and bo 
on, increasing I volume for every 1° F. Therefore, at 66°, 
the 491 volumes would become 491 + 33 = 524 volnmes. 
Hence the calculation is a mere mle of three sum :— 

Vol*. U 8S°, VoU. at 3l=. 

524 491 :: 23 : a; = 21-5 cubic inches. 

Bimilar calculations may of course be made in the centignde 
Bcalo, as the following example will show. 

We Aaoe 100 meamret of a gas at 60° C. : tnhat wouid be 
its volume at <y O.f 

273 vols, of gas at 0° 0. = 274 vols, at 1°, 276 at 2°, and 
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SO on. Heated from 0° to 50°, 273 vols, wonld become 323 
vols. Therefore — 

323 : 273 : : 100 : a; = 84 • 5 measures. 

We can in this way £nd the volume that a gas would 
occupy at any given temperature, although it most frequently 
happens that we want to find its volume at freezing point. 

We have 100 volumes of gas at 17° C, : wJuU would he its 
volume at 193° C, ? 

273 vols, at 0° C. = 290 vols, at 17°, and 466 vols, at 
193°. Therefore— 

290 : 466 :: 100 : a; = 160-7 volumes. 

These calculations are generally spoken of as " corrections 
for temperature." 

Change of State asprodtu^ed hy Heat 

(1) From Solid to Liquid. — Melting of Solids. — Expansion 
is the first general effect of heat ; but in many solid bodies 
another effect is observed ; they change their state of aggre- 
gation, they become liquid, they meU. Many of them become 
soft before melting, so that they can be kneaded ; for instance, 
butter, glass, and iron ; in this condition, glass can be bent 
and moulded like wax, and iron can be forged. 

Eocperiment 1. — Hold a piece of a small glass tube in the 
upper part of the flame of a spirit-lamp, revolving it slowly 
between the fingers ; when red-hot, it will be so soft that it 
can be bent into any shape desired. Thus are easily formed 
any of the numerous bent tubes required in chemical experi- 
ments. For softening larger tubes, a lamp with a double 
current of air or a Bunsen burner must be used, as this 
gives a much stronger heat than the simple lamp. To break 
a glass tube, a scratch is made upon it with a three-cornered 
file, at the place to be broken, and then it can be parted by 
gently bending it with both hands. 

Most solid bodies become suddenly fluid, as ice, lead, &c. 

Experiment 2. — Place one vessel containing snow or ice, 
and another containing a piece of a tallow-candle, on a warm 
stove, dipping a thermometer from time to time into the 
melting substances ; the temperature will, remain stationary 
in the first vessel at 32° F. (0° C), in the other at about 
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100° F. (38° C), SO long as any ice or tallow remains 
unmelted, but when the melting is complete it will conmience 
rising. The degree of heat at which a body melts is called 
its melting point. Every substance has its own melting point, 
sometimes above and sometimes below the freezing point ; 
for example, lead melts at 620° F. (327° C), silver at above 
1800° F. (1000° C), solid mercury at —38° F. (—39° C). 
If the two vessels containing the melted ice and the melted 
tallow are placed in the cold, it will be observed that the 
tallow soon hardens at about 95° F. (35° C), but the water 
does not until the mercury has fallen to 32° F. (0° C). Thus 
the congelation of fluids takes place at about the same 
temperature as that at which they pass from the solid to the 
fluid state. 

Many substances, charcoal for instance, have never yet 
been melted, and others have never been frozen, as, for 
instance, alcohol ; but it is very probable that, when some 
method of producing still greater degrees of cold and heat is 
discovered, we sh^ succeed in rendering all solid bodies 
liquid, and all liquids solid. 

Latent Heat, — Experiment 3. — Put two vessels of equal size 
on the top of a warm oven, one of them containing a pound 
of snow at 32° F. (0° C), and the other a pound of 
water at 32° F. (0° C.) ; when the snow is melted, remove 
them both. By the touch merely it will be perceived that 
the snow-water is still cold, while the water in the other 
vessel has become warm ; and the thermometer will indicate 
that in the former the temperature is at 32° F. (0° C), in 
the latter at 174° F. (79° C). As both vessels have received 
equal degrees of heal^ and when placed upon the oven were 
of the same temperature ; the question suggests itself. What 
has become of the 142° of heat imparted to the vessel filled 
with snow ? The reply is. This heat has been absorbed by 
the snow, thus converting it into a fluid, — melting it. 

EoEperiment 4. — Put one pound of snow at 32° F. (0° C.) 
into the vessel containing the water heated at 174° F. (79^ 
C), and then examine it with the thermometer ; as soon as 
all the snow has disappeared, the quicksilver will fall to the 
freezing point. Consequently, the snow has taken from the 
hot water 142° F. (79° C.) of heat, and has thus beoome 
liquid. 
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The heat wMch is lost in the melting of ice and other 
solids is employed in overcoming the cohesion of the solid. 
The force of cohesion is set free in the mamier descrihed in 
the previous chapter, and when the liquid again becomes 
solid the heat is reproduced; the exertion of the cohesive 
force being attended with the evolution of heat. Heat lost 
during liquefaction is often called latent heat^ because it was 
formerly supposed to lie hidden, or storM up in the liquid. 
In a limited sense the term may still be retained, for 
although we now know that heat is nothing but motion, 
there can be no doubt that the molecules (particles) of the 
liquid are in incessant motion, which motion they lose to a 
great extent when the substance becomes solid. 

(2) From Liquid to Gas.-^BoUing of Liquids, — Most 
liquids, when heated to a certain temperature, different for 
every liquid, boil and become converted into vapoxur or gas. 
It must be understood that there is no real difference between 
the condition of a gas and of a true vapour, except in regard 
to the temperature at which they are formed. Many of the 
so-called gases can by great cold or pressure be converted 
into liquids ; and, on the other hand, when a liquid is con- 
verted by heat into vapour, the vapour has all the properties 
of a true gas. In fact, some si\bstance6 are known which are 
liquid in cold weather and gaseous in hot. Gases which become 
liquid at ordinary temperatures are generally called vapours. 

The phenomena of boiling are most conveniently studied 
in the case of water. 

Experiment 1. — Two-thirds fill a flask with 
spring water, and heat it gently over a lamp 
(Fig. 15). In a short time numerous little 
bubbles will appear on the walls of the flask, 
which will gradually increase in size, and rise 
towards the surface. These bubbles consist of 
the gases of air, which are expanded by the heat 
and expelled from the water. All spring-water 
contains gases in solution, and to these is chiefly 
due its refreshing taste, which is not found in 
boiled water or in that which has been standing 
for some time. Afterwards, when the water has 
become quite hot, larger bubbles appear on the 
hotter part of the flask, which ako ascending^ become 



Fig. 15. 
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smaller, and entirely disappear before reaching the surface 
of the water ; they consist of gaseous water (steam), which 
condenses as it comes in contact with the cooler liquid above. 
The collapsing of the particles of water at the places where 
these steam-bubbles disappear occcasions that peculiar noise 
which precedes boiling, and which is commonly called the sing- 
ing of the water. When the whole mass of water is heated to 
212° F. (100° C), these bubbles no longer condense, but rise 
to the surface, where, surrounded by a thin film of water, 
they remain quiescent for a few seconds, and then, their 
watery mantle again sinking, they finally burst. This is the 
hoiling of water. It boils at 212° F. ( 100° C.) ; other liquids 
boil more readily — alcohol, for instance, at 176° F. (80° C.) : 
others again more difficultly — mercury, for instance, at 662° 
F. (350° C). 

Latent Heat of Steam, — The space above the boiling water 
in the interior of the flask appears empty, but it is in fact 
filled with aeriform water, which has displaced the air that was 
in it. This aeriform water is called steam. It is almost 1700 
times lighter than water, because a measure of water yields 
nearly 1700 measures of steam at 212° F. (100° C). Within 
the flask the steam is transparent and invisible, but in the 
open air it ascends in the form of white clouds, which greatly 
increase if cold air is blown into the flask by means of a glass 
tube ; for on cooling the transparency of the vapour is dis- 
turbed, on account of the formation of drops of water, so 
small and light as to float in the air. Clouds also consist of 
this partly-condensed vapour. As the condensation increases, 
the drops become so large and heavy, that they descend as 
rain. A thermometer immersed in boiling water indicates 
212° F. (100° C.) ; if placed in the steam immediately above, 
it shows the same ; and this temperature will not rise higher, 
liowever long the boiling be continued, or however strongly 
the flame of the lamp be urged. This is similar to what 
occurs in the melting of snow ; heat disappears, and its dis- 
appearance proceeds from the same cause in both cases ; 
steam requires heat for its production, and this heat dis- 
appears, or becomes laient during its formation, and reappears, 
or becomes sensible during its condensation. We have, in 
fact, to study the latent heat of steam as well as the latent 
heat of water. 
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—Adapt the shorter limb of a bent glass tnbe, 
hy moauB of a perforated cork; to the neck of a flas^ and pasa 
the longer limb to the bottnm of a beaker-glaes or common 
tumbler. Pour into each of these two vessels Bye ounces of 
ice-cold water, and 

gi^naUy heat the ^'S. 16- 

flask upon a tripod 
nntil it boils. Note 
the time required for 
this operation. Gon- 
tinne the process nn- 
til the water in the 
heaker-glass begins to 
babble, and note also 
the time, which will 
be fonnd the same as 
that required for boil- 
ing the water in the 
flask. The steam 

formed in the flask has no other outlet than through the tnbe 
into the water, where it condenses, until the contents of the 
second glass reach the temperature of 212° F. (100° C), 
and boil. 

Both of the vessels must now be weighed ; and it will be 
fonnd that the flask weighs one onnce less, and the beaker- 
glass one onnce more, than before ; consequently, one ounce 
Iiss passed &om the former as steam, and has been condensed 
again in the latter ; and yet this onnce of steam has raised 
five ounces of water from 32° to 212° F. (0° to 100° C), that 
is, throogh 180° F. (100° C). Now five ounces raised 180° 
ia the same as one onnce raised 180 x 5 = 900°, so that the 
ounce of steam in condensing gave out 900° F. (500° C.) of 
heat. This is expressed by saying that the latent heat of 
steam ia 900° F. (500° C). More exact experiments give as 
the true number 967° F. (537° C). The property of steam 
to give out a large quantity of heat during coudensatiou 
peculiarly adapts it for the beating of other bodies, the 
bnming of them being thus guarded ^ainat, as the heat of 
Bteam in open vessels can never exceed 212° F. (100° C). 
Apothecaries avail themselves of steam in the preparation of 
i, decoctions, and extracts ; it serves for many of the 
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processes of cookery, and for the distillation of spirits and 
other liquids; it is employed in dyeing and bleaching 
establishments, and is often resorted to for heating apart- 
ments, buildings, laundries, &c. 

All gases give out heat when they condense into liquids, 
but the amount of heat so evolved is only known in a few 
cases. Steam gives more than any other known gas. 

Evaporation. — Aqueous Vapour, — Water exposed in a vessel 
to the open air disappears in summer more rapidly than in 
winter ; the heat of the air converts it into gas — ^it evaporates. 
The same happens as in evaporation over the fire, only in 
the former case evaporation takes place without any visible 
motion of the water, owing to its becoming aeriform, not 
throughout the whole mass at once, but upon the surface 
only. The vapour rises in an invisible form in the air. 
Warm air, indeed, takes up more of it than cold, but a fixed 
quantity of it only for each temperature. Thus one hundred 
measures of air at 32° F. (0° C.) absorb two-thirds of a 
measure of vapour ; at 50° F. (10° C), one measure and a 
quarter ; at 68° F. (20° C), two and an eighth measures, &c. 
If the air has not absorbed all ■ the vapour which it can, it 
eagerly takes up more, as, for example, when one hundred 
measures of air at 68° F. (20° C.) contain only one or one 
and a half measures of vapour ; it is then called dry air, and 
wet articles are soon dried in it by rapid evaporation. But 
if it be already saturated with vapour it is called moist air ; 
and damp articles cannot be dried in it, or at least but slowly. 
If yet more vapour be added to this saturated atmosphere, or 
if it be cooled, then the excess separates in visible particles, 
called mist or fog when they lie near the surface of the earth, 
and clouds when they float in the higher regions of the 
atmosphere. The white smoke which in winter is seen 
rising from the chimneys, the visibility of the breath in 
frosty weather, and the smoking of rivers in winter and after 
a storm, are phenomena of the same kind. 

If the cooling of the air is occasioned by a cold solid body, 
the vapour is then condensed in small drops of water, as may 
be observed on the outside of a cold glass when brought into 
a warm room, and the deposit of moisture on the inside of 
our window-panes, when cooled by the external cold air. 
The temperature at which this occurs is called the deuhpouU^ 
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signifying the temperature at which the air is saturated with 
vapour. 4 

Eacperiment 3. — Fill a tumbler one quarter full with cool 
water, place in it a thermometer, and at short 
intervals gradually add ice or cold water, until Fig. 17. 
moisture begins to deposit on the outside of the 
glass. Then observe tibe degree indicated by the 
thermometer, which is the dew-point. If much 
cold water must be added before the glass clouds 
over, that is, if the dew-point is much lower than 
the temperature of the air, fair weather may be 
expected ; while, on the contrary,- if the difference between 
the dew-point and the temperature of the air be but slight, 
rain may soon be expected, as then the air reqiures but a 
slight addition of moisture or increase of cold to become 
saturated. Instruments by means of which the amount of 
moisture in the air is ascertained are called hygrometers. 
Many substances readily imbibe moisture from the air, and 
become damp ; such bodies, for instance, as catgut, carbonate 
of potassium, sulphuric acid, fresh barley-sugar, &c., are called 
hygroscopic. 

Evaporation may be accelerated, not only by heat, but also 
by a current of air, because by this means the air above the 
surface of the fluid, which is charged with vapour, is removed 
And replaced by a drier, and, as it were, more thirsty air, 
which takes up the vapour more rapidly and abundantly than 
the former. For this reason, the earth dries rapidly after 
rain, when followed by a high wind, and hence it is necessary 
in kilns, laundries, drying-rooms, &c., to arrange them in 
such a manner that the air, when saturated with moisture, 
may be constantly replaced by dry air. 

That heat disappears during slow as well as rapid evapora- 
tion may be readily illustrated by the following experiment. 

Experiment 4. — Fill a tube half full of water, and fasten 
securely round the bulb of it a piece of wadding ; saturate 
the wadding with cold water, and then twirl the tube rapidly 
between the hands; presently the water in the tube will 
become sensibly colder, and the degree of cold may be 
accurately deternuned by the thermometer. Moisten the 
wadding with ether, a very volatile liquid, and twirl it again 
in the same manner as before ; by which means its contents, 
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even in summer, may be converted into ice. Water 
evaporates slowly, ether rapidly ; and both require heat for 
_. ^ their conversion into vapour, and in the above experi- 
^^ ' ment they obtain this heat from the water in the bulb, 
which is of course the reason of the water becoming 
cold. On this principle, one feels cool on just leaving 
the bath, when investf^d in damp garments, or when 
the floor of a hot apartment is sprinkled with water. 
It explains, also, how man is enabled to support the 
scorching sun of the hottest climates, and even to 
Jt endure a heat of 212° F. (100° C), without his blood 
gd\ exceeding the temperature of from 100° F. (38° C.) to 
f^M 104° F. (40° C); it is owing to the more copious 
perspiration, which, by evaporation, renders all the 
heat above 104° F. (40° C.) latent. K we blow on hot soup, 
it is also the increased evaporation which cools it more 
rapidly ; but if we blow on the cold hands in winter, they 
become moist and warm, because the latent heat contained in 
the vapour of the breath is set free, as the vapour is con- 
densed into water. 

Distillation, — If the condensation of watery vapour be 
carried on in a closed vessel, the water may be collected as 
it forms. 

Eix^eriment 5. — A small glass retort is half filled with water, 
-^. _ and heated; the steam, as 

^^' it forms, passes through 

the neck of the retort 
into a glass receiver, con- 
tained in a vessel filled 
with cold water, and is 
there condensed. That 
the refrigeration may 
take place more rapidly, 
the receiver is covered 
with coarse blotting-paper 
which is frequently moistened with cold water. This opera- 
tion is called distUlaiion (from diatiUare^ to drop), and the 
pure water obtained is said to be distilled. It is purer than 
spring-water, for this reason, that the non-volatUe, earthy, 
and saline portions contained in all spring-water do not 
evaporate, but remain in the retort. By this means also 
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very volatile bodies can easily be separated from less volatile 
ones ; as . in the distillation of brandy, where the more 
volatile spirit is separated from the less volatile water. 
Copper stills are usually employed for distillation on a large 
scaJe, and for condensers vats are constructed, holding 
serpentine pipes, or toorma, which present a greater con- 
densing surface than if the pipe had passed straight through 
the vat. The cold water with which the vats must be filled 
is very soon warmed by the heat liberated in the condensa- 
tion of the steam, and must occasionally he renewed by 
leading off the hot water from above, and letting in a fresh 
supply of cold water beneath. 

DIFFUSION OF HEAT. 

Conduction of Heqi. — Experiment 1. — A test-tube, nearly 
filled with water, is held over a spirit- ^ 2^ 

lamp, in such a manner as to direct 
the flame against the upper layers of 
the water ; the water will boil at the 
top, but remain quite cold below. If 
mercury is treated in a simihir way, 
its lower layers will gradually become 
heated. The particles of mercury will 
communicate the heat to each other, but not so the particles 
of water. Substances through which, as in mercury, heat 
rapidly passes, are called good conductors ; but bodies which 
comport themselves like water are called had conductors of 
heat. In the former class are included principally the 
metals, and in the latter, stone, glass, wood, snow, water, and 
especially soft bodies, 'as cloth, fur, linen, straw, paper, 
ashes, &c., and also the gases. 

The good conductors are readily heated, and soon become 
cold again, as is well known to be the case with iron stoves. 
A piece of iron feels hotter in the sun and colder in the 
shade than a piece of wood at the same temperature. The 
explanation of this delusion of the sense of touch is, that the 
warm iron conducts the heat more rapidly to the hand, while 
the cold iron withdraws it more rapidly than the wood is 
capable of doing. 

The had conductors of heat become only slowly heated, and 
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also slowly cooled; for this reason, stoves constructed of 
brick (the Bussian stove) and those made of Dutch tiles, a 
preparation of clay, retain their heat longer than iron stoves. 
Bad conductors are frequently employed botl;)i for preventing 
the quick heating and the quick cooling of bodies. Vessels 
of glass and porcelain are placed on sand (a sand-bath) or 
ashes, to heat them gradually, and thus guard against their 
breaking. If a hot Hquid is to be poured into them, it must 
be done by small portions at a time, twirling the vessels 
round for some minutes before adding more. 

On removing vessels from the fire, the precaution should 
be taken never to place them while hot on metal or stone, 
but always on some bad conductor, such as straw (straw 
rings) wood, paper, cloth, &c. ; as they are often cracked by 
sudden cooling and contraction, which is frequently produced 
even by a current of cold air. Doors of furnaces, ladles, 
&c., are provided with wooden handles, to prevent those 
using them from being burnt. Should a person desire to 
hold a flask or a test-tube while liquids are boiling in iiiem, 
he must wrap round them several folds of paper, or tie round 
them a piece of twine, in order that they may serve as a bad 
conductor between the glass and his fingers. By inclosing 
substances in bad conductors, the entrance of cold, or, more 
correctly, the departure of heat, may be prevented; this 
principle is illustrated in our method of clothing, in the 
protection given to our wells and trees by covering them 
with straw, in the preservation of plants by snow, and in 
numerous other phenomena of daily occurrence. Hence bad 
conductors are frequently called preservers of heat. 

-,. Convection of Heat, — Liquids and gases, 

^' '^^ though very bad conductors, readily be- 
come heated by a process called convection^ 
which is a necessary consequence of the 
expanision produced in them by heat 

Experiment 2. — Water, to which some 
sawdust has been added, is heated in a 
test-tube over a spirit-lamp. The tube 
is held by the upper part, and rotated 
for some minutes between the fingers, 
that the flame may have equal access to all the lower partB 
of the tube. If the water be carefully observed, it will be 
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seen that the sawdust ascendH on the npper snrfaoe of the liqnid, 

and deecenda in the lower strata ; the warm water expands, and, 

becoming lighter, rises apwarde, while the colder, and conae- 

qaently heaTier, water Binhs ; the water cireuiateg. In conee- 

qnence of this circulation, the heating of fluids takes place more 

rapidi; when the heat is applied j<ig_ 22. 

bateaih. If the u^er part of a teet- 

tnbe foil of water is heated by the 

lamp, the water will boil at the top 

while it remains quite cold, and 

may even contain ice, held down . 

by a wire, at the bottom. Test- [I 

tabes are oylindrieal glass yessels f 

with rounded bottomB. To prevent I 

their breaking on the application'^ 

of heat, the bottom must be thin, and blown of a uniform 

shape. A simple wooden rack, as in the annexed figure, 

serves as a convenient stand for them. 

Convection in Qaaee. — CwrreiOt of Air. — A great many phe- 
nomena of daily occurrence may be exi^ined by the di^er- 
ence in ligbtnesa between warm and cold air. When a fire 
is lighted in a stove for the heating of on apartment, the air 
inunediately in contact with the stove is first heated, becomes 
lighter, and ascends; colder air rushes in to supply its 
place, and this likewise becomes heated and ascends ; conse- 
quently a constant oircnlation of air is kept up. By a 
similar circulation, the whole atmosphere of the earth is kept 
in eontinrnd motion. At the equator the strongly heated air 
asoends and moves in the upper regions of the atmosphere 
towards the poles, while in the lower regions the current of 
cold air fiows &om the aictio zone towards the equator, in 
order here to restore again the equilibrium, disturbed every 
moment by the ascent of the warm air. These regular 
currents of air, the direction of which is somewhat diverted 
by the revolution of the earth on its axis, are called trade- 

In every heated apartment, a diSerence between the heat 
of the air near the ceiling and that near the floor is very 
perceptible. If a door or window in such a room be opened, 
a cnrrent of air is produced, the direction of which may easily 
be percfliTed by holding a lighted candle in the opening ; the 
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flame, when held above, at c (Fig. 23), is blown from the 
room ; when placed below at a, it is blown into it ; conse- 



Fig. 23. 




quently, the light warm air above 
rushes out of the room, and is replaced 
by heavier and colder air from below. 
A draught of air is also noticed in 
passing from the sunshine into the 
shade ; where the sun shines, the warmer 
air ascends, and the colder air from 
the shade supplies its place. For the 
same reason, a current of air is pro- 
duced wherever a fire is burning, in 
every stove, and round every lamp. 
To ventilate a room properly, the hot 
and foul air should be allowed to escape 
from some aperture near the ceiling, 
while cool and fresh air is admitted 
near the ground. 
The air-balloons, first constructed by Montgolfier, strikingly 
show how buoyant air may be rendered by heat ; these are 
caused to ascend merely by filling them with air, kept con- 
tinually hot by a fire beneath. 

Badiation of Heat, — By conduction, bodies can communi- 
cate or abstract heat only when in contact. But heat is felt 
even at some distance from a fire or from a heated stove, 
and the earth is warmed by the sun, although a space of 
millions of miles is between them. This sort of heating is 
called radiation of heat. 

Experiment 3. — Envelop three tumblers with paper, one with 
silver paper, another with white, and a third with dull black 
paper, and place them in the sun ; a thermometer will in- 
dicate that the tumbler with the black paper is heated the 
most, and that with the silver paper the least, and yet all 
these vessels have been equally exposed to the rays of the 
sun. This difference is explained on the principle, that some 
substances have the power of absorbing the rays of heat, 
while others throw them off again, or reflect them. Grood 
reflectors of heat, such as bright metals, are the worst ab- 
sorbers, for a thing cannot absorb the heat and also reject it. 
If hot water is poured into the tumblers enveloped with 
paper, and the cooling of it noted by the thermometer, the 
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contrary effect will be observed; the glass covered with 
black paper will first become cold, and that wrapped in 
silver paper the last; because bodies with dull surfiaces 
radiate the heat more rapidly than those with polished sur- 
faces. Good absorbers of heat are therefore seen to be good 
radiators, and good reflectors bad radiators. For this reason, 
coffee retains heat longer in a bright than in a tarnished pot ; 
a stove of glazed Dutch tiles remains hot louger than another 
of unglazed tiles ; a ^smooth sheet-iron stove, longer than a 
similar one of rough cast-iron, &c. 

The radiation of heat enables us to eiiplain some of those 
common natural phenomena which otherwise would remain 
obscure. Why do not the rays of the sun, even in the 
hottest summers, melt the snow upon the tops of high 
mountains, which are nearer than the level portions of the 
earth to the sun ? Because they only heat those bodies 
which can absorb their warmth, as the rough surface of the 
earth. The snow is indeed struck by the rays of the sun, 
but being a white and shining body it reflects them and re- 
mains cold. 

Formation of Dew, — .When the surface of the earth has 
become warm, the air is heiited by it ; hence, during the day 
the lower strata will always be warmer than the upper. But 
a change takes place after the sun has gone down. The earth 
continues to radiate heat without receiving any in exchange, 
and its temperature consequently diminishes. On the other 
hand, the air does not so readily part with its heat, and there- 
fore it retains during the night a higher temperature than 
the surfSstce of the earth ; it is only cooled where it comes in 
contact with the colder earth. If this cooling should reach 
the dew-point of the air, then the vapours are condensed, on 
the soil or on the plants growing upon it, in the form of 
small drops, just as a tumbler is covered with vapour when 
brought from a cold into a warm room, — dew forms. If the 
temperature of the earth sinks in the night to the freezing 
point, or below it, the aqueous vapour is deposited in a solid 
form, and is called hoar-frost. 

The radiation of heat from the earth is greatest when the 
weather is clear and serene, but it is obstructed by clouds and 
wind. Hence the most copious deposit of dew takes place 
only in clear and quiet nights. The clouds serve as a screen 
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in reflecting back the rays of beat to the earth, so that it is 
but slightly cooled. The same effect is produced by the 
mats, straw, and boards with which the gardener covers biB 
young plants, to protect them, from the late &osta of spring, 
or from freezing. The annexed figure, in which arrows 
denote the direction of the rays of beat, will serve to render 
this process more intelligible. 
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SOLUTION AND OBYSTALLIZATION. 

These sub.ieots are so closely connected with that of beat 
that they may conveniently be studied in this place. 

Solittion. — Water can diBBolve many bodies, and unite in- 
timately with them, without losing its transparency. Such 
combinations are called solntioas. If rain-water meets with 
soluble substances, either in the earth or in the rocks throi^h 
which it oozes, it dissolves them ; and tbis ^plains wby 
almost all spring-water, on evaporation, yields an earthy or 
saline residue. Freqneatly this residue, particularly when 
it contains lime, is so altered during evaporation, that it can 
no longer be dissolved in water, and forms a bard incmstaticHi 
round the inner sides of the vessels used in cookery. The 
springs of Carlsbad deposit so much residue, that articlee 
immersed in them appear in a short time to he externally 
petrified or incrneted. If water is unusually rich in soluble 
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snbstanceB, especially such as poaeesB medicinal properties, aa, 
for example, iron, Bnlphur, &q., it is called mineral water, and 
the springs from whicli it ieanes are called mineral springs. 
A pound of bob water contains about half an ounce of sab- 
stances in Bolntion. 

Es^eriment 1. — Pour a toaspoonful of sl&ked lime into 
a bottle, and fill it with water; cork it up, and, after shaking 
it for some minutes, let it stand until the water has become 
perfectly clear. By carefully indining the bottle, most of 
Uie liquid may be poured off free from the sediment. This 
operation is called deeanlationf and the clear liqnid is lime- 
water. Lime is but slightly soluble in water, seven hundred 
and seventy-eight ounces of water being required to dissolve 
one ounce of lime ; the excose remains undissolved, and as lime 
is heavier than water, it settles at the bottom. That a portion 
of it has been dissolved is known by the peculiar taete im- 
parted to the liqnid. This taste is called alkaline. 

Keep B part of the lime-water in a well-stopped bottle for 
future use; it will remain transparent and clear. Poor tbe 
remainder into a tumbler, and expose it to the air ; the water 
soon becomes turbid, and covered with a film, which gra- 
dually grows thicker, and settles at the bottom. When, aSter 
some days, the water has become clear again, it will have lost 
its alkaline taste; the lime dissolved in it, having been che- 
mically changed by the air and rendered insoluble, will be 
found as a powder at the bottom of the tumbler. 

Eitperiment 2. — Put into a flask half an ounce of litmus ; 
pour over it three ounces of water, and let it remain in a 
warm place until the liquid has 
obtained a dark-blue colour. Lit- 
mus consists of a blue colouring- 
matter, which is soluble in water, 
and is hence taken up by it ; it 
also contains some earthy matter 
which is insoluble, and is depo- 
sited as a slimy mass. These two 
substances might be separated 
from each other, as in the former 
experiment, by decantation, but it 
can be done more readily by Jil~ 
tration. For this purpose cut a piece of blotting-paper into a 
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circular shape, fold it together twice, and then place this 
filter into a glass funnel. That the paper and the glass may 
not come into too close contact, place between them thin 
pieces of wood or glass ; a piece of string must also be in- 
serted between the funnel and the neck of the flask into 
which the liquid is to be filtered, to allow an opening for the 
escape of the air from the flask, as otherwise the fluid could 
not flow in. The filter, which must never be higher than the 
top of the funnel, is first moistened with water before the 
fluid is poured upon it. Blotting-paper consists of fine linen 
or cotton-fibres matted together, between which are small in- 
terstices or pores, through which liquids, but no fine solid 
particles, can pass; these remain on the filter. Writing- 
paper cannot be used for filtration, as its pores are filled up 
by size or starch. 

EocperimerU 3. — Four a part of the solution obtained into 
a saucer, and pass strips of fine blotting or of letter-paper one 
or more times through it, until they have acquired a distinct 
blue colour. Preserve these strips, after being dried in a 
box; they are called blue litmus, or test-paper; they are 
reddened by vinegar, lemon-juice, and all acid fluids, and 
serve to test a liquid, to ascertain whether it is acid (has an 
acid reaction). 

Ex^riment 4. — Mix cautiously another portion of the 
solution with lemon-juice, until the blue colour appears dis- 
tinctly red ; this also serves to colour paper. The red test- 
paper is used for the purpose of recognising a class of sub- 
stances opposed to acids — ^that is, alkaline or basic bodies ; 
these restore the original blue colour of the paper, as can be 
seen by bringing it into contact with lime-water or solution 
of caustic potash. 

Ea^erimerU 6.— Add gradually, with constant agitation, to 
one ounce of cold water, powdered saltpetre (potassium 
nitrate), as long as it continues to be dissolved — perhaps 
about a quarter of an ounce ; if more is added than is neces- 
sary, it will remain undissolved at the bottom of the vessel. 
This solution is called a cold saturated solution. K this 
mixture be boiled, and saltpetre again be added, then about 
three ounces more will be required to saturate the water. A 
thermometer held in this boiling saiuraied solution will indi 
cate about 240^ F. (115*6° C), while simple boiling water 
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indicates only 212'' F. (100'' C). All saline goluiims hail and 
freeze with more difficulty than waier. All bodies soluble in 
water behave in a similar manner — that is, the^r are soluble 
in it only in definite quantities, and in most cases hot water 
dissolves more of thdm than cold. 

Experiment 6. — K the solution obtained in the last experi- 
ment be poured into a porcelain dish, previously heated, and 
be suffered to remain quiet until cold, then the three ounces of 
saltpetre which were last added separate again, not as a 
powder, but as regularly formed prisms. These prisms are 
six-sided, and are surmounted by two &ces similar to a roof; 
they are called crystals of saltpetre, (Fig. 27.) All crystals 
are characterised by having planes, edges and angles, con- 
structed, as it were, of simple triangular, quadra^gular, or 
poly-angular pieces, with polished surfaces, lliis symmetry is 
found even in the interior of them, as can easily be p. 27, 
seen by holding a transparent crystal towards the 
light, and turning it slowly round ; or breaking it, 
when the fragments will often exhibit the same regu- 
lar form which characterised the whole crystal. 
Thus, in inanimate nature, a mysterious power exists, 
similar to that which compels the bees to construct 
six-cornered cells, and the potato to produce its five-angled 
corolla and five stamens, and by which the smallest particles 
of bodies, called mclecvles, are forced to arrange themselves 
in a fixed order, assuming a regular shape. But this can 
in general only be accomplished by a body in its fluid or 
aeriform state, since free motion of the molecules is essential. 
Time also is required for this operation ; hence crystals are 
always more regular the more slowly they are formed. Many 
of the splendid crystals which are dug from the depths of the 
earth were, perhaps, thousands of years in forming. 

Experiment 7. — Evaporate the liquid remaining above the 
crystals in the former experiment at a gentle heat, until a 
scum is formed on the surface, then remove it from the fire 
and let the solution cool, stirring it constancy with a wooden 
stick. In this way, instead of crystals, a powder of saltpetre 
will be obtained consisting of minute crystals. 

The liquid just alluded to may be regarded as a cold 
saturated solution, containing about a quarter of an ounce of 
saltpetre. If, by evaporation only, so much water is left as 
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is sufficient when hot to keep in solution but a quarter of an 
ounce of the saltpetre, then crystals begin to appear in the 
form of a film on the cooler surface, indicating the saturation 
of the liquid. If this again is allowed to cool quietly, a 
second crop of crystals will be obtained ; but, by continual 
stirring, they are broken at the moment of their formation — 
by slow movement into a coarse, and by rapid movement into 
a fine powder. This may be called interrupted crystallization. 
Sugar presents a similar example : the same syrup, which, if 
coolBd quietly, yields sngarWy; when stirred, ^elds cJm- 
mon loaf-sugar. 

Experiment 8. — Put into boiling water as much common 
salt as will dissolve, and let the solution cool ; no crystals 
will form, because salt is as soluble in cold as in hot water. 
Now evaporate one-half of the solution over a spirit-lamp, 
and set aside the other half in a warm place ; in the first 
case, mere irregular grains of salt will be obtained, but in 
the latter case, after some days, regular cubes of salt will be 
deposited. 

ET^eriment 9. — Dissolve a spoonful of salt and one of salt- 
petre in lukewarm water, and put the solution in a warm 
place, that the water may gradually evaporate ; the two salts, 
which are intimately mixed in the solution, will upon crys- 
tallization separate completely from each other. The salt- 
petre separates into long prisms, containing no trace of the 
common salt, and the latter separates into cubes, entirely 
free from saltpetre. Thus the particles of salt and saltpetre 
did not attract each other ; but, upon crystallizing out of the 
solution, the homogeneoua salts assumed separately a regular 
form, precisely as if one only of these two substances had 
been dissolved. 

PBESSURE. 

The earth is surrounded by air, as by a mantle; this 
mantle is called the aimogphere, and is supposed to extend 
about forty-five miles above the solid earth. The air possesses 
no colour, and is transparent ; hence it is invisible, and its 
particles are so easily movable upon each other that it cannot 
be grasped by the hand. But it is rendered obvious that the 
air is materisd, and fills every space commonly called empty, 
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by wrapping strips of moistened paper round a funnel, so 
that it may fit exactly into the mouth of a bottle ; if the 
funnel be now filled with water, the fluid will not p^g 28. 
run into the bottle, as the air contained in the 
latter will not let it enter ; but if the funnel be 
raised a little, the air escapes, and the water imme- 
diately rushes into the bottle. We learn also by 
the l]«ilance that a vessel apparently empty, i,e,, 
containing atmospheric air, weighs more than one 
which is really empty, as when the air has been 
exhausted from it. But air is so light that 800 
measures of it weigh rather less than one measure 
of water, yet the atmosphere presses with great 
weight on the earth, and upon everything thereon. But this 
pressure is only noticed when the air is removed from a 
place, thus leaving it without -.counter -pressure. The total 
weight of the atmosphere has been estimated to be equal to 
that of a globe of solid lead sixty miles in diameter. 

When a solid is immersed in a fluid (either a liquid or 
gas), it is pressed upon equally on all sides by the fluid with 
a force which depends partly upon the weight of the fluid 
and partly upon the depth to which the solid is immersed. 
A stone suspended one foot from the surface of water is only 
pressed upon with half the force that it would experience if 
sunk two feet; a stone sunk one foot in mercury would 
receive 13^^ times as much pressure as it Fig. 29. 
would if sunk one foot in water, because 
mercury is 13^^ times as heavy as water. 
The same thing is true in regard to air and 
other gases, and bodies near the surface of 
the earth are pressed upon equally on all 
sides by the whole forty-five miles of air 
above. 

Pressure of the Atmosphere. — Experiment 
1. — Wrap some tow round one end of a 
stick and grease it with tallow, thus forming ^ 
a plug, which must fit tightly into a strong 
test-tube. Boil some water in the test-tube, 
and when the air has been expelled by the 
steam, insert the plug; as the water cools the steam con- 
denses, a vacuum is produced, and the plug wUl be pressed 
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down apOB the surface of tite water ; by heating, it is again 
forced up by tbe steam thus generated, and by immersing in 
cold water it is again forced down. In consequence of the 
cooling and condensation of the steam a Tacnnm ie formed, 
and, therefore, the conuter-presstire against the weight of the 
exterior air is remoTed ; the pressnre of the latter, accord- 
ingly, forces down the ping. On this principle the piston 
is forced np and down in the cylinder of many steam- 
engines. 

This one-sided preBsnre often causes the ascent and reflnx 
of liquids in tubes. 
ExperinuTit 2. — If intter is boiled as was directed at 
page 39, by means of 
steam, and during the 
boiling the lamp is 
removed, then the 
pressure of the air 
acting on the snrfitce 
of the water in the 
beaker-glaas will very 
soon force the water 
contained in it throngh 
the tube back into 
the flask, which in a 
short time becomes 
quite filled with water. 
The coanter-pressure 
of the steam most uatarally decrease aa it cools and con- 
denses. As long as the lamp is under the flask, the jxeesaxe 
Fi^. SI. of the steam is stronger than that of the air, and 
the steam, being ooatinnally genmtited, forces the 
air prerionsly contained in the flask into the 
• water of the beaker-glaas. This reflux of liquids 
' s particularly to be feared, when snch kinds of 
jases are conducted into water as are absorbed by 
it readily, and in large quantities. This is pre- 
vented by passing through the cork a second 
I ^ glass tube open at both ends, and letting it reach 
'■--.^ nearly to the bottom of the flask, by which tube air 
_ can penetrate into the flask as the pressure of the 

steam diminish^. This contrivance is called a attfelif-tvbe. 
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Barometer. — It can be proved by exact experiment that 
the atmosphere presses upon the earth with a force equal 
to that of a layer of mercury 
30 inches deep, or a layer 
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of water 13^ times deeper (34' 
feet), water being 13^ times' 
lighter than mercury. The in- ' 
stmment by which the amount 
of atmospheric pressure can be 
observed and measured is called 
the barometer. Fill a glass 
tube, 32 inches in length, one end of which is closed, with 
mercury ; close it with the finger, and invert it into a vessel 
of mercury ; on removing the finger, the mercury Yiz. 83. 
will not run out, but will fall some inches, 
perhaps to 8 (Fig. 33). The height of the column 
of mercury, from a & to 8, amounts to about 30 
inches. The mercury does not fall lower, on 
account of the external pressure of the atmo- 
sphere, which is exerted on the mercury at a b, 
and not at 8, since this end is closed. The 
column of mercury in the tube may be regarded 
as the counterpoise to the atmospheric pressure, 
and it is hence concluded that the latter exerts 
just as much pressure upon the earth as a column 
of mercury 30 inches high. If the tube be 
opened at the top, the pressure of the air on both 
extremities being then made equal, the mercury 
will flow from the tube. The space above the 
mercury, at «, is a vacuum, and is called the 
Torricellian vacuum, because it was first ^i 
observed by Torricelli. In common barometers 
the tube is curved at the bottom, and provided 
with a bulb. This bulb is open at the top, and supplies 
the place of the vessel filled with mercury in the preceding 
figure. Here also the pressure is only exerted at one end, 
for the atmosphere can only press on the mercury contained 
in the bulb. The height from o (Fig. 34) to the top of the 
mercury amounts to about 30 inches. 

If weights be placed in one pan of a balance, the opposite 
one will rise, but on their removal it will sink. The same 
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thiog happens with the barometer. Any increase in the 

weight or density of the air presses the mercury up, and 

Fig. 34. ^^® barometer rises ; but any diminution of weight 

I will make it fall. The height of the mercury may 
be read off by fixing to the upper part of the tube 
a scale divided into inches and tenths of an inch. 
The mean state of the barometer is at 30 inches, 
and 31 is called a very high, and 29 a very low, 
state of the barometer. Li this country, as a 
general rule, the north and east winds cause the 
barometer to rise, and the south and west winds 
cause it to fall. The former winds, blowing chiefly 
from the land, are cooler, and at the same time 
drier, than the latter, which pass over the ocean, 
there becoming saturated with moisture ; the former 
likewise come from colder into warmer, while the 
latter, on the contrary, proceed from warmer into 
colder regions; by which the capacity of saturation for 
vapour is increased in one case and diminished in the other. 
Hence it is natural that, when north and east winds prevail, 
it should rain less frequently than during south and west 
winds ; and that the former winds are dry, while the latter 
are damp. 

Why water does not flow from a jar inverted over the 
pneumatic trough, why it continues to flow through a syphon 
after the air has been exhausted, why liquids will not run 
into a vessel when the air is confined, or why water will only 
rise to the height of 34 feet in a suction pump, are questions 
that scarcely require further explanation. 

Elasticity of Gases, — All gases are perfectly elastic ; they 
all contract equally under an increase of pressure, and 
expand when it is diminished. When a gas is collected in 
a bottle or other vessel the weight of it that the bottle will 
hold depends upon the pressure of the air at the time, which, 
as we have seen, is measured by the barometer. It is there- 
fore of the utmost importance in measuring a gas to take 
account of the state of the barometer at the time. One 
hundred grains of air, for example, will occupy 333 cnbio 
inches when the barometer is at 29, 322 when it is at 30, 
and only 311 when it is at 31 inches. As the alterations in 
volume are exactly in inverse proportion to the alterations of 
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pressure, it is easy, after noting the volmne of the gas and 
observing the height of the mercury in the barometer, to 
calculate what the volume would be at some standard 
pressure. The standard pressure at which gases are always 
measured is represented by 30 inches (or 760 millimetres) of 
mercury. The calculation required for this purpose is called 
the " correction for pressure." It must be applied, in 
addition to the correction for temperature (page 34), when- 
ever a gas is to be measured. It can always be made by the 
following formula : 

Vol. at observe d pr essure x Observed pressure _ I Volume of gas at 
Standard pressure ~ [standard pressure. 

For example, we have 333 cubic inches of air when the 
barometer stands at 29 inches. How many cubic inches 
would there be if the barometer stood at 30 inches ? 

Here we must multiply by the observed pressure 29, and 
divide by the standard pressure 30 : 

^- = 322 cubiq inches (very nearly). 

ok) 

The ordinary air pump depends for its action in producing 
a vacuum upon the elasticity and pressure of the air. 

K the pressure or tension of a confined quantity of air be 
increased, by compressing it either directly or by the -pig, 35. 
addition of more air, it can be forced to stream out 
from a small opening with great rapidity, as is shown 
on a small scale in the conmion bellows, and on a 
larger scale in the blacksmith's bellows. Should | 
there be water before this opening, the air will press 
it out in a jet or stream. 

Eocperiment 3. — Take a piece of a fine glass tube, 
drawn out to a point, and adapt it, by means of a per- 
forated cork, to a bottle. Fill the bottle half full of 
water, and blow into it through the point of the tube ; 
when the blowing ceases, the air wiU escape in a 
stream. But if the bottle be inverted as soon as the 
air is blown in, then the water will be spurted out by 
the compressed air above. Such an apparatus (the 
washing-bottle) is frequently employed for washing 
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residaee or precipitates remaining on filters, in order to &ee 
tfaem from solable matter. There ig & similar contrivance 
connected with the common fire-engine, called the air-Tsseel, 
enabling it to throw an oninterrupted stream of water. 

The pressure of the atmoepbete exerts a great inflneuoe on 
<^ hoSing of water, and of other liquids. If water is made 
to boil when the mercury in the barometer is very low (in 
foul weather), brisk ebullition will take place at about 
210° F. (99° C); when the mercury is very high (in clear 
weather), boiling wiU not occur under 214° F. (101° C). 

Experiment l.^Heat a flask half filled with water till the 
water boils briskly ; then remove it from the fire and quickly 
Fig. 36. <"'rk it ; the boiling immediately ceases, but 
will commence again if cold water be ponred 
r the upper part of the flask. In this 
iner it can bo made to bubble or boil, 
3 though it be only Inkewarm. There is 
kir in tbe flask, it having been expelled 
by the steam, and it could not re-enter it, 
the cooling and condensation of the 
lam, on account of its having been closed. 
Consequently there is no pressure of air on the water, and it 
will boil even at a temperature of 68° F. (20° C). The 
boiling ceased on account of the pressure of the steam nptm 
the water ; but the steam being condensed by tbe cold water, 
tbe pressure was bo much diminlBhed, that a portion of water 
^oin became aeriform with a boiling motion. In many 
manufactories, an appropriate apparatus (vacuum-pan) has 
been contrived for boiling and evaporating in a vacuum, as, 
for instance, in sugat-houses. 

The air is densest at the level of the sea, and thinner in 
proportion to its distance from the earth, as there is less air 
above it. Hence the mercury will stand lower, and water 
boil more easily, on the top of a mountain than in the valley 
below. On the top of Mont Blanc mercury rises only to tbe 
height of 16 inches in the barometer, and water boils at 
183° F. (S4° C). Hence the barometer and the boiling point 
of water may be employed for calculating the boighta of 
mountainB. 

As water boils more easily under diminished pressure, so 
it boili vith more di^iaiky when ike premre is increated. An 
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increase of pressure can be produced, not only by the air, 
but by the steam of the water itself, if new steam be con- 
stantly generated, while the escape of that already formed is 
prevented. This is best done by heating water confined in 
a strong and firmly closed vessel. For this purpose a 
Papin's Digester may be used, in which water may be heated 
to the temperature of 392° F. (200° C), and, indeed, still 
higher, whilst in open vessels it cannot be heated above 212° 
F. (100° C). If the amount of steam in it is twice as much 
as in an uncovered vessel, the pressure is said to amount to 
two atmospheres; if there is 3, 4, 5, 10, 20 times the 
quantity, there is said to be a pressure of 3, 4, 5, 10, 20 
atmospheres. Vessels of this kind are often employed to 
effect a complete penetration of the water into solid and hard 
substances. Thus, for example, water at 212° F. (100° C.) 
dissolves the gelatinous matter only on the surface of the 
bones, whilst water at a temperature ranging from 230° F. 
(110° C.) to 248° F. (120° C.) entirely penetrates the bones, 
and extracts the gelatine also from the interior of them. 
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CHAPTER III. 

LAWS OF OHEMIOAL FOBOE. 

We have already, in Chapter I., seen something of the opera- 
tions of that form of force which is known as chemical force. 
We have seen that by its operation compounds are produced 
by th^ miion of elements, the compounds being in all cases 
different from the elements which compose them. And we 
have seen that the science of chemistry is mainly concerned 
with the changes which are brought about by chemical force^ 
It is now necessary, before entering on the systematic study 
of chemical facts, to consider the theories of chemistry — the 
laws according to which chemical actions take place. These 
laws have been discovered by thousands of diiBcult and 
laborious investigations. For the most part it will not 
be possible for the student to prove them to himself experi- 
mentally : the processes necessary for this are too difficult, 
and require apparatus of too expensive a kind. He must be 
content in the outset of his study to take the laws upon 
tiTist 

MODES IK WHIOH OHEMIOAL ACTION TAKES PLAGE. 

Combination. — Experiment 1. — The simplest way in which 
chemical action can take place , is when two substances, 
elements or compounds, combine directly together and 
produce a single new compound. Examples of this have 
already been given at page 18, but another may be added 
here. Take a globule of mercury about the size of a very 
small pea, heat it in a test-tube until it boils, and then throw 
in about an equal weight of iodine. Shake the tube slightly, 
so as to bring the two into contact. They will combine, and 
a beautiful scarlet compound called mercuric iodide will be 
found on the sides of the glass. 
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Deeomposilion. — Experiment 2. — Another kind of chemical 
change is ctdled decomposition. It consists in a separation, 
either partial or complete, of the constituents of a compound 
from one another. The following experiment will illnstiate 
it. Introduce into a somewhat tall, but not too thin, test- 
tnbe, 108 gijin. of 

meronnc oside. Une " 

end of a bent glass 
tube is adapted to 
it by meana of a 
perforated cork, and 
the other end ia con- 
ducted into a vessel 
filled with water. 
Either suspend the 
tube by means of a 
piece of string or 
wire, or support it 
by a retort-holder. 
A retort-holder is a 
wooden stand, pro- 
vided with a mov- 
able vice, by which 
glass vessels can be held in the most convenient manner, as 
showu in the annexed figure. Then heat the test-tabe until 
all the mercuric oside has disappeared. The red powder 
becomes black as tbe boat increases, and bubbles of air escape, 
which are collected in a glass bottle held over the end of the 
tube, this bottle having been previously filled with water and 
then inverted into the howl, after closing the mouth of it with 
the finger or a glass plate. No water will escape until 
bubbles of air bom the tube are passed into it, which, on 
account of their greater lightness, ascend and displace the 
water. When the water is displaced, remove the bottle and 
close it with a cork, replacing it by another bottle, likewise 
previously filled witii water, and repeat this process until the 
evolution of gas ceases. l?he first babbles that pass over 
consist of the atmospheric air contained in the teat-tube, and 
expanded by the heat, but oxygen gas quickly succeeds. This 
is OTte of the component parts of mercuric oxide, and can easily 
bo recognised by the vivid combnstiDn in it of a glowing 
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Bhaving. At the same time there is formed on the npper part 
of the test-tnhe a hrilliant metallic mirror, which consists of 
mercury, the second element of the red oxide. When the 
latter has entirely disappeared, immediately withdraw the tnbe 
from the water, let the test-tube cool, and unite the mercury 
adhering to its sides into a single globule, by means of a 
feather. It will ainount in weight to 100 grains ; this, 
subtracted from the original weight, 108 grains, leaves 8 
grains, the amount of the oxygen. The red powder consists 
of a brilliant heavy metal and of a gas, two entirely dissimilar 
bodies, and it has been decomposed by the heat. If these are 
chemically combined together by proper means, they will 
unite again and form the red oxide, a body in which the 
peculiar properties of the mercury as well as of the oxygen 
are entirely lost. 

Double Decomposition. — Experiment 3. — It very often 
happens that two compounds are capable of decomposing one 
another, thus producing two new compounds. This kind of 
chemical action is called doMe decomposition. Weigh out 
27 grains of mercuric chloride (corrosive sublimate) and 33 of 
potassium iodide. Dissolve them separately in water and 
then mix the solutions. A yellow precipitate will appear, 
which in a few minutes will change to a beautiful scarlet 
powder, which will soon subside and leave the liquid colour- 
less. The red powder is mercuric iodide^ the same compound 
which was formed in Experiment 1. The clear liquid on 
evaporation will yield cubical crystals of potassium chloride. 
Mercuric chloride consists of the elements mercury and 
chlorine ; potassium iodide, of potassium and iodine. When 
mixed, the mercury of the one unites with the iodine of the other, 
and the chlorine of the one with the potassium of the other. 

Substitution^ or Displacement, — Eaperim^nt 4. — Take a cold 
saturated solution (see^ page 50) of mercuric chloride, and 
immerse in it a strip of bright copper. Very soon the 
surface of the. copper will become covered with a film of 
mercury, and in the course of a few hours the whole of the 
mercury will be separated in this way, and some of it may 
be collected into a globule at the bottom of the liquid. But 
in the mean time a portion of the copper will have been dis- 
solved, and has now taken the place formerly occupied by the 
mercury, and the solution is found to be green. The copper 
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has, in fact, displaced, or been mbstittUed for the mercury in 
the original compound, so that we have now in solution 
copper chloride instead of mercuric chloride. For every 
100 grains of mercury which are separated in the metallic 
form, 31 grains of copper are dissolved, so that we learn that 
31 parts of copper will displace 100 of mercury. 

When the whole of the mercury has been separated, the 
clear green solution may be poured into another glass and 
the bright blade of a knife immersed in it. The iron will 
displace the copper, just as the copper displaced the mercury, 
an iron chloride (called ferrous chloride) remains in solution, 
and the copper is precipitated on the unaltered iron, giving 
it at first the appearance of being converted into copper. The 
31 parts of copper which displaced 100 of mercury are them* 
selves displaced by 28 of iron. Examples of this kind are 
very common in chemistry. 

• 

QUANTITIES GONGEBNED IN OHEMIOAL CHANGES. 

It will readily be understood from the foregoing illustra- 
tions that it is of the utmost importance in studying 
chemistry to attend to the relative quantities of different 
substances which enter into chemical changes. It is to the 
careful study of these quantities that the dignity of chemistry 
as an exact science is due. 

Law of constant composition, — This, the fundamental law of 
chemistry, may be stated in these words : 

A given chemical compound alvoays contains the same elements 
in the same proportions. 

The law scarcely requires explanation. Water always 
contains, in 9 parts by weight, 8 of oxygen and 1 of hydrogen ; 
mercuric oxide always contains 8 of oxygen to 100 of 
mercury ; mercuric iodide, 100 of mercury to 127 of iodine, 
and so on. If 100 grains of mercury are heated with 130 
grains of iodine, 227 grains only of mercuric iodide are 
produced, and 3 grains of iodine remain unchanged. 

Difference between combination by weight, and by volume, — 
Combination by volume means combination by measure, and 
it will be obvious to every one that, as bodies differ very much 
in weight, there will generally be a great difference between 
the proportions by measure and the proportions by weight 
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in which two bodies combine. Take the case of the two gases 
hydrogen and chlorine (both elements). One volnme or 
measure of hydrogen will combine with one yolnme of 
chlorine ; but, as chlorine is 35^ times heavier than hydrogen, 
one part by weight of hydrogen really combines with 35^ 
parts by weight of chlorine. 

In the case of solids, and to a great extent of liquids also, 
we are compelled to trust almost entirely to the evidence of 
weight, for solids are very difficult to measure, and both 
solids and liquids exhibit such irregularities in regard to the 
volume that they occupy, that it has not been found possible 
to frame constant laws for them. But with gases it is not so. 
They are very much easier to measure than to weigh ; and as 
they exhibit a remarkable simplicity in the proportions by 
volume in which they act on one another ; as moreover they 
are all equally affected in volume by alterations of tempera- 
ture and pressure (Chap. II.), they are always measured for 
the purposes of experiment. Their weight (or specific 
gravity) is determined once for aU with the utmost care, and 
it is then easy to calculate in a few minutes the weight of 
any given volume of any one of them. 

CHEMICAL ACTION BETWEEN GASES.— CONSTITUTION 

OF GASES. 

When chemical action takes phce between tu>o gases, the 
volumes of those gases which are concerned in the change are 
found to hear a definite and generally a very simple proportion 
to one another, and also to the volume of the resulting gas, if the 
resulting compound he a gas.* 

This fundamental law, which is sometimes called the ^ law 
of gaseous volumes," will be better understood with the aid 
of a few illustrations. In studying them it is necessary to 
bear in mind the fact mentioned on page 87, that all true 
vapours are gases. In considering the laws of gases, we 
have to include water-gas (steam), sulphur-gas, and even 
zinc-gas, for zinc is converted into gas at a high temperature, 
as well as oxygen and hydrogen, which are always gases. 

* It will be understood hereafter that the apparent exceptions to this 
rule are in perfect accordance with it. They only occur when a com- 
pound gas of complex structure is decomposed during a chemical-change. 
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We deal in fact with matter in the gaseoos state. For the 
sake of exact comparison all gases and vapours are assumed 
to be measured at a temperature of 32^ F. (0^ C.) and a 
pressure of 30 inches (760 millimetres) of mercury. Even 
if , as is the case with steam, the gas cannot really be cooled 
to 32^ without condensing, it is easy to calculate by the 
formula already given (page 34) what its volume would be if 
it could. 

1 volume of chlorine gas combines with 1 volume of hydro* 
gen gas to form 2 volumes of hydrochloric acid gas. This 
is the simplest case. 

2 volumes of hydrog^i combine with 1 volume of oxygen 
to form 2 volumes of water-gas, or steam. Here 3 volumes 
condense, during the act of combination, into 2. 

1 volume of arsenic vapour combines with 3 volumes of 
oxygen to form 1 volume of the vapour of white arsenic 
(arsenious anhydride). Here 4 volumes become condensed 
into 1. 

These three cases will serve to illustrate the great simplicity 
that exists in the proportions in which gases unite by measure. 
Any given measure, pints, cubic inches, or litres, may of 
course be substituted for volumes in the above examples, 
and we may, for instance, say that every 2 pints of steam 
contain 2 pints of hydrogen and 1 pint of oxygen condensed 
into 2. 

But this is* not all. When a gas is decomposed into other 
gases, the volumes of its separated constituents are all found 
to bear simple and definite proportions to that of the 
original gas. 

The gas called nitrous oxide, or laughing gas, is composed 
of nitrogen and oxygen, but it cannot be formed by the 
direct combination of these two elements. , Nevertheless it is 
found, that when it is decomposed every 2 volumes yield 2 
volumes of nitrogen and 1 volume of oxygen, so that there 
can be no doubt that its constitution is similar to that of 
steam. 

Ammonia gas, again, is composed of nitrogen and hydrogen. 
When it is decomposed by electric sparks every 2 volumes 
yield 1 volume, of nitrogen and 3 of hydrogen. The gases 
when separated from one another occupy in fact twice the 
volume ti]iat they did in a state of combination.. 

p 
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Standard of Volume for Oases, — The next point that we have 
to determine is, how best to represent the constitution of the 
numerous gases which are known to us ; or in other words, 
how to represent the kind and the quantity of the elements 
which are present in equal volumes of them. It is obviously 
necessary, if we would compare them, to deal with equal 
volumes. It would appear at first sight that the best and 
simplest plan would be to state in all cases the composition 
of one volume of each gas. It is quite possible to do so, and 
indeed it does not very much matter what volume we take as 
the standard. But if we select one volume we are compelled 
to make constant use of fractions in representing the com- 
position of gases, and it is therefore usual to take two 
volumes as the standard of comparison. A single example 
will make this plain. 

We have already seen that 1 volume of chlorine 
combines with 1 volume of hydrogen to form 2 volumes 
of hydrochloric acid. If we wish to state the composition of 

1 volume of hydrochloric acid, we must do so by saying 
that it contains ^ a volume of chlorine and ^ a volume of 
hydrogen. But on the 2 volume system the fractions are 
avoided. 2 volumes of chlorine are said to combine with 

2 of hydrogen to form 4 of hydrochloric acid; and 2 
volumes of hydrochloric acid contain 1 of chlorine and 1 
of hydrogen. 

Let us therefore agree to state in every case the com- 
position of 2 volumes of gas. If we do so, we must never 
represent less than 2 volumes as taking part in any 
chemical process. We must in fact assign arbitrarily to the 
smallest quantity of any gas that is ever concerned in any 
chemical change a volume of 2. It is almost needless to 
add that our facts will then be equally true if we apply them 
to 2 millionths of a cubic inch or to 2 gallons. 

Chemical Symbols and Formtdce, — ^Each one of the elements 
is denoted in the system of modem chemistry by a sffmbclf 
which is either the first letter, or the first and some other 
characteristic letter, of its Latin name. Thus, oxygen is 
denoted by ; hydrogen by H ; carbon by C ; chlorine, which 
begins with the same letter, by CI ; calcium by Ga, and so on. 
In most cases the Latin name is the same as the English, 
but in a few instances it is different and the symbol must be 
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remembered carefully. The following are the exceptions : 
Antimony is Sb., from stibium; copper, Cu., from cuprum; 
gold, Au., from aurum ; iron, Fe., from ferrum ; lead Fb., 
from plumbum; mercury, Hg., fromr hydrargyrum ; potassium, 
K., from kalium ; silver Ag., from argentum ; sodium Na., 
from natrium ; tin, Sn., from stannum ; and tungsten, W., from 
wolfram. Compounds are described by formuicB^ which 
consist of the symbols of the elements composing them. 
Thus the formula for hydrochloric acid is HCl., for mercuric 
oxide, HgO., and so on. 

Symbols then are employed to denote the elements, but 
tiiey are also employed, by a very usefrd extension, to denote 
definite weights of them. What these weights are we have 
now to consider, confining ourselyes for the present exclusively 
to elements in the state of gas. 

To begin with, let us represent the standard 2 volumes of 
hydrogen by the symbol H, and 2 volumes of chlorine by the 
symbol CI. How are we in this case to represent hydro- 
diloric acid, which, as we have already seen, contains in 
2 volumes, 1 of hydrogen and 1 of chlorine ? 2 volumes 
of this compound must evidently be represented by Such a 
formula as this : H^ Cl^. This is inconvenient, and yet such 
cases will be of incessant occurrence, unless we alter our 
representation of the elements. Accordingly we describe the 
2 volumes of hydrogen as Hq and the 2 volumes of chlorine as 
Cls, and the formula for hydrochloric acid, which contains ^ 
of each, then becomes HCl. 

To take another instance. The symbol N might be 
applied to 2 volumes of nitrogen, if we did not know that 2 
volumes of ammonia contain only 1 volume of nitrogen united 
to 3 volumes of hydrogen. If we use the symbol N for 2 
volumes of nitrogen and H for 2 volumes of hydrogen, ammonia 
must be described by the inconvenient formula N^ Hl^. But 
calling nitrogen N2, and hydrogen Hg, both of these are 
doubled, and the formula for ammonia becomes NHg. 

Again, with phosphorus : we might apply the symbol P to 
2 volumes of phosphorus vapour if it were not for such com- 
pounds as phosphine gas, 2 volumes of which contain only one 
quarter as much phosphorus as is present in 2 volumes of 
phosphorus vapour. But by describing phosphorus* as P4 
and phosphine as FH3, we get over the dif&culty ; for the 
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formnlsB show plainly, and in whole nmnbers, that one con- 
tains four times as much phosphorus in 2 volumes as the other. 
We thus gain more definite ideas of the signification which 
may be applied to the symbols and formnlsB of gases. For 
the sake of distinctness they may as well be put in the form 
of definitions. : — 

1. The symbol of an demeniary gas is a letter or letters, used to 
denote the smaUest fra/Uion of the weight of the normal two 
volumes of it that is ever fownd in two volumes of any compound 
gas. 

2. The formula, whether of an elementary or compound gas, 
must always exhibit the composition of two volumes of it. It 
consists of symbols. 

Thus, the symbol for hydrogen is H ; the formula, Hq ; the 
symbol for phosphorus is F ; the formula, P4. Compounds 
must always be described by formulsB, the term " symbol " 
being reserved for elements. 

BekUive Weight of Oases. — It has already been shown 
(page 23) that ike specific gravity of a body means its weight 
as compared with l3ie weight .of an equsJ volume of some 
other body which is taken as a standard. The standard for 
gases is hydrogen, one volume of which is said to weigh 1. 
We have therefore only to double the specific gravities of 
th^ gases (which have been carefully determined by experi- 
ment) to find the relative weights of the standard 2 
volumes of each gas. If 2 volumes of hydrogen weigh 2 
(2 grains, 2 pounds, or 2 hundredweight), 2 volumes of 
chlorine will weigh 71, 2 volumes of oxygen, 82, and so on 
with the rest. We must now study the relative weights of 
the different elements which go to make up the weight of 2 
volumes of each of the more important gases, elementary and 
compound. It will be best to take the Momentary gases first. 

Constitution of Elementary Oases. — It has already been seen 
that the formula for 2 volumes of any elementary gas is 
determined by the compounds which contain that gas. The 
formula for hydrogen is H3, because compounds are known 
which contain in 2 volumes only half as much hydrogen as 
is contained in 2 volumes of the pure element. Now 
what is true of a large volume must also be true of any 
volume, however minute, and we are therefore led to the con- 
clusion that even the smaUest conceivable volume of hydrogen 
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gas that exists in a separate state must be capable oi diyision 
into two parts, and as the weight of 2 volmnes of hydrogen has 
already been defined to be 2 (hydrogen being the standard), 
each of these constituent parts mnst have a weight of 1. 

Atoms.* — The name atom is, for reasons that will be ex- 
plained hereafter, applied to the quantity of each elementary 
gas that is denoted by its symbol. 2 volmnes of hydrogen 
denoted by the formula H,, weigh 2, and consist of 2 atoms, 
each denoted by the symbol H, and each weighing 1. In like 
manner, 2 volumes of phosphorus vapour are said to consist 
of 4 atoms ; the formula for 2 volumes being P4 and the 
symbol for each atom P. The atom in this case weighs 31. 
In the case of mercury and a few other elements the 2 
volumes of gas are said to contain but 1 atom (weighing, 
in the case of mercury, 200), because no gas is known whi<3i 
contains in 2 volumes less ihan 200 of mercury. 

We can now add the definition of an atom to those given 
above : 

3. The atom of an demenlary gas is (he quantity denoted hy 
its syTnhol; that is, the smallest fra^ctioH of the weight of 2 
volumes of it that is ever found in 2 volumes of any other gas. 

These remarks will sufficiently explain the following table 
(p. 70) which exhibits the composition of all the more impor- 
tant elementary gases. It is only necessary to point out that 
two of them, oxygen and sulphur, occur in two places. Two 
different modifications of each of tiiese gases are known, which 
differ from one another in weight. The cttoms are, however, 
the same in each case. 

Constitution of Compound Oases, — It will now be obvious 
that two volumes of every compound gas must contain two 
or more atoms of two or more kinds. The formula for a 
compound gas must denote the number and kind of atoms 
that there are in two volumes of it Hydrochloric acid is an 
example of the simplest kind of gaseous compound, two 

^ I use this word in its present connection with regret. It would 
certainly be better to exclude it altogether from an acoonnt of gases 
which IS independent of the truth or untruth of the atomic theory. 
But there is no word in use which eiutctly answers to the conditions, 
and I hold the coinage of a word to he far too serious an experiment to 
be undertaken in an elementary treatise, or by any but a leader in 
science. Might not the word *' prime," originally employed by WoUas- 
tou, be conveniently revived for this purpose? 
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EUEMENTABY GASES. 



Name of Gab. 












lU 'I 



jItSpi 



CQ'iS «8 



^1 






Mercury . 
Zino . 
Cadmium 

Hydrogen 

Chlorine . 

Bromine . 

Iodine 

Oxygen ... 

Sulphur (above 1000° C.) 

Nitrogen . . . 

Oxygen (as ozone) 

Phosphorus . . 
Arsenic . . • 

Sulphur (below 1000° C.) 



100 200 
32-5 65 



56 



112 



35-5 71 



80 
127 
16 
32 
14 

24 

62 
150 

96 



160 

254 

32 

64 

28 

48 

124 
300 

192 



1 


Ug. 


1 


Zn. 


1 


Cd. 


2 


H. 


2 


CI. 


2 


Br. 


2 


I. 


2 


O. 


2 


8. 


2 


N. 


3 


0. 


4 


P. 


4 


As. 


6 


8. 



200 

65 

112 



Hg. 

Zn. 
Cd. 



1 H. 
35-5 CI, 



80 
127 
16 
32 
14 

16 

31 

75 

32 



Br, 

■ 

N. 

O, 

AMf 

s. 



Tolnmes of it containing, as we have already seen, one atom of 
hydrogen and one of chlorine. Other gases contain atoms of 
three and even four different elements, and there are some- 
times as many as twenty, thirty, or even more atoms in two 
volmnes. In fact, we know no limit to the nmnber of 
atoms which maj enter into the composition of a oomponnd 
gas. 

The following table (p. 71) shows the constitution and 
formnlflB of a few of the more important compotmd gases. 
The rales according to which they are named will be explained 
hereafter. 

Compound Chues coTUaining nonr^volcUile Eleinents, — Many 
gases contain atoms of elements which have not as yet been 
converted into the condition of gas, or which, even if thej do 
exist as gas, have never had their specific gravities accurately 
determined in that condition. In these cases the atomic 
weight (weight of the atom) of the non-volatile element can 
be founa by exactly the same rule as that given before, namely, 
by observing the smallest weight of the element Uiat ever 
enters into the composition of 2 volumes of a compound 
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OOMPOUND GASES. 



Naus of Gas. 


Specific { 
gravity. 

1 


Weight 

of 2 
volumes. 


Kind, number, and weight 
the atoms in 2 volumes. 


Fonnixla. 


Mercuric Chloride . 


135-5 


271 


/Mercury 1 
\Chlorine 2 


^^ 


200 
71 


}Hg01, 


Hydrochloric Acid . 


18-25 


36-5 


rHydrogen 1 
\Chlorine 1 


= 


35.5}^^! 


Hypochlorous An-1 
hydride. . . / 


43-5 


87 


/Oxygen 1 
\Chlorine 2 


= 


16 
71 


}ci.o 


Water. (Steam) . 


9 


18 


/Hydrogen 2 
\Oxygen I 


z^ 


2 

16 


}h,o 


Hydrogen Sulphide. 


17 


84 


/Hydrogen 2 
\Sulphur 1 


S; 


2 
32 


}h,8 


Sulphurous Anhy-1 
dride . . . / 


32 


64 


/Oxygen 2 
\Sulphur 1 


:s 


32 
32 


]fiO, 


Ammonia . . . 

• 


8-5 


17 


/Hydrogen 3 
\Nitrogen 1 


^ 


3 
14 


}h,n 


Nitrous Oxide . ., 


22 


44 


/Nitrogen 2 
\Oxygen 1 


^ 


28 
16 


N,0 

4 


Nitric Oxide . . 


15 


80 


/Nitrogen 1 
\Oxygen 1 


^ 


14 
16 


}no 


Phosphine . . . 


17 


34 


/Hydrogen 3 
\Phosphorusl 


= 


3 
31 


}h.p 


Phosphoious Chloride 


68-75 


137-5 


/Chlorine 3 
\Phoflphonifll 


^3 


iofs}ci.P 


Arsine . • • • 


39 


78 


/Hydrogen 3 
\Arbenio 1 


^^ 


3 
75 


}h.As 1 



gas. Bat the definition of such an atom mnst be slightly 
modified, because as we do not know the specific gravity of 
the elementary gas, we cannot know the weight of 2 volumes 
of it, and consequently cannot know what fraction of that 
weight the atom is. For such atoms the following definition 
is accurate : 

4. The atom of a non-volatile element (or indeed of any 
element) ia the smaU&st weight of that element that isever fownd 
in two volumes of any gas. 

Take the case of carbon, an element which has never been 
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converted into yaponr. Many gases containing carbon are 
known, but not one of them contains in 2 yolmnes less than 
12 of carbon. The atomic weight of carbon is therefore 
taken to be 12 and the atom is denoted by the symbol C, 
but not knowing the weight of 2 yolumes of carbon vapour 
we cannot tell what fraction 12 is of that weight ; or, in other 
words, how many atoms of carbon there are in 2 volumes of 
carbon gas. 

It is obvious that we cannot have tk formula for a non- 
volatile element, and that even in the case of volatile elements 
it is incorrect to apply the formula belonging to the gas to 
the liquid or solid element. For liquid and solid elements 
we must be content to use the sywhol which denotes the 
atom. ' 

The following table (p. 73) will show the constitution of a 
few important gases of the mnd here specified and also the 
way in which the atomic weights of their non-volatile con- 
stituents can be determined from them. 

The atomic weight of iron, as deduced from the composi- 
tion of the vapour of ferric chloride, is 112. But ferric 
chloride is so similar to chromic chloride that the atomic 
weight of iron is held to be 56. The formula for ferric 
chloride is then Pe2 Q\ \ 2 atoms of iron, each 56, united 
with 6 atoms of chlorine, each 35*5. This brings it into 
analogy with chromic chloride Or, G\^ The composition and 
properties of other iron compounds confirm this view. 

GaXcidaium of the Specific Chraviiiea of Oases from their 
FormvicB, — If the formula for any gas be accurate ; that is, if 
it truly represents 2 volumes of the gas, the specific gravity 
of the gas may be calculated from the formula. This may be 
illustrated by an example. 

The formula for carbonic anhydride gas is CO]. What if iU 
specific gravity f 

The formida tells us that 2 volumes of the gas contain 1 
atom of carbon, the weight of which we know to be 12, and 2 
atoms of oxygen, each of which weighs 16, total 44. 2 
yolumes of carbonic anhydride therefore weigh 44, whereaa 
2 volumes of hydrogen weigh 2 ; which shows that carbonic 
anhydride is 22 times heavier than hydrogen; or, in other 
woi^is, that its specific gravity is 22. 

To find the specific gravity of any gafi| elementary or com- 
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ponnd, we have therefore only to find the weight of 2 
volumes of it, by adding together the weights of the con- 
stituent atoms, and then to divide the number so obtained 
by 2. 

COMPOUin) 6ASB8 OONTAINIKO NON-YOLATILIB ELJaOEKTS. 



NAKB 

OF 
OAB. 



Specific 
gravity. 



Weight 

of 2 
volumes. 



Kind, weight, and number 

of the atoms in 2 

vohunes. 



Methene . 
Ethylene . 

Ethene 

Carbonic \ 
oxide . / 

Carbonic ^ 
anhydride/ 

Cyanogen . 



Chloroform 



Silicon 
chloride 



Methyl 
silicate . 



Chromyl 
chloride 

Chromic 
chloride 

Ferric 
chloride 



) 
} 



8 
14 
15 
14 
22 
26 



16 



28 



30 



28 



44 



52 



/Hydrogen 4= 4 

\Carbon 1= 12 

/Hydrogen 4= 4 

\Garbon 2= 24 

/Hydrogen 6== 6 

\Carbon 2= 24 



Fonnnla. 



},CH, 

}AH, 

}C,H. 

}co 
}co. 

}C.N, 

(Hydrogen 1= 1 ) 
59'75 119-5l|Chlorine 3=106-6} OH 01, 
(Oarbon 1= 12 



/Oxygen 
\Oarbon 

Oxygen 
Oarbon 



{ 



1= 16 

1= 12 

2= 32 

1= 12 



/Nitrogen 2= 28 
\OarboQ 2= 24 



85 



76 



170 



152 



77-75 155-5 



/Chlorine 4=142 
\8Uicon 1= 28 

(Oarbon 4= 48 
J Hydrogen 12= 12 
j Silicon 1= 28 
(Oxygen 4= 64 



} Si 01, 



l^ymbol and 
atomic weight 

of the 
ncm-volatlle 
oonstttuent 



f = 12 



Si = 28 



< 



159 
162-5 



818 
825 



Oxygen 2= 32 
Chlorine 2= 71 
Chromium 1= 52*5 



C^HijSiOJ 



Or 0,01, 



/Chlorine 6=213 Vr. m 
\Ohromimn 2=105 f^*^^ 

/Chlorine 6=213 
\Iron 1 = 112 






FeG, 



Or = 52 5 



Fe= 112 
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COMPOSITION AS DETERMINED BY WEIGHT. — LAWS OP COM- 
BINATION BY WEIGHT. 

We must now leave on one side for the present all con- 
siderations of Yoluine and confine ourselves to the examiua- 
tion of the weights of different substances which are concerned 
in chemical changes, and the constitution of compounds as 
determined by weight. This method of study is of universal 
application, and it is used indifferently for solids, liquids, and 
gases, whereas we have already seen that the study of volumes 
only gives satisfactory results when applied to gases. 

Percentage Composition. — The most obvious way of stating . 
the composition of a compound is as parts in 100. The 
results of an analysis are always calculated in this way first 
of all, the figures being usually carried to the second decimal 
place. Thus, if 20 grammes of lime are analysed they are 
found to contain 14*286 gnunmes of calcium, and 5*714 of 
oxygen. By a simple proportion sum it is then found that 
the percentage composition is : 

Calcium 71*43 
Oxygen 28 * 57 



100*00 



For 20 : 14-286 : : 100 : 71-43 
And 20 : 5-714 :: 100 : 28-57 

The percentage composition of a few important hydrogen 
compounds is shown in the following table (p. 75). 

Simplest numerical Proportion of the Constituents, — From 
the percentage composition, it is easy to calculate the propor- 
tion that the weight of each constituent bears to that of some 
one which is taken as unity. In the following table the last 
column shows the weights of various elements which are 
combined with 1 of hydrogen in a few important compounds, 
the proportion being of course the same as in the percentage 
composition. Any other element might be taken instead of 
hydrogen as the standard. It was indeed common at one 
time to take oxygen as the standard, calling it 100, but 
hydrogen is more convenient and is now generally employed* 

When the composition of hydrogen compounds is repre- 
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sented in this way, very simple nnmbers are for the most 
part obtained, and some nmnerical relations are observed 
which are hidden in ^e mere percentage compositions. 
Thus in the three carbon compounds (which are examples of a 
large number actually known) we observe that 1 of hydrogen 
unites with 3, 6, and 12 of carbon. 3 is the smallest pro- 
portion ever found. 



Name of Compound. 



Hydrochloric acid . 



Water 



Ammonia 



Methene . 



Ethylene 
Acetylene 



Hydrogen sulphide. 



Compoeltion of 100 
parts. 



Compofiition. 



("Hydrogen 
\Chlorine 

rHydrogen 
\Oxygen 

("Hydrogen 
\Nitrogen 

("Hydrogen 
\Carbon 

{Hydrogen 
Carbon 

rHydrogen 
\Carbon 

(Hydrogen 
\8ulphTir 



2-74 
97-26 

111 

88-8 

17-65 
82-35 

25- 
75- 

14-29 
85-71 

7-69 
92-31 

6-88 
9412 



1 
35-5 

1 

8 

1 
4-6 

1 
3 

1 
6 

1 
12 

1 
16 



By extending the above table we can easily obtain a series 
of numbers which represent the proportions in which a good 
many of the most important elements combine with one part 
of hydrogen. It is now necessary to extend our study to 
those compounds which do not contain hydrogen. 

And here there are two courses open to us. We may 
begin by choosing some other element as a standard, calling 
its quantity 1, and calculating the weight of other elements 
which combine with it. But this method, though it serves 
to exhibit some interesting relations, does not bring out the 
simple general law towards which we are tending. We must 
make the comparison in another way. 

Knowing the weight of any element which unites with 1 of 
hydrogen, let us calculate the weight of other elements which 
unite vnth that weight. For example : 35*5 of chlorine unite 
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with 1 of hydrogen. Instead therefore of calculating how 
much of each other element will unite with 1 of chlorine, let 
ns calculate how much will combine with 35*5 of chlorine. 
And inasmuch as 8 of oxygen combine with 1 of hydrogen, let us 
see what weight of each other element unites with 8 of oxygen. 
In examining the results so obtained, it must be remembered 
that two elements often unite in several different proportions. 

Confining ourselves to the elements mentioned on the pre- 
ceding table, we can obtain, from the analyses of well-known 
compounds, the following figures, which are merely samples of 
an immense number at our disposal : 

85*5 parts by weight of chlorine unite with 1 of hydrogen ; 
with 8, 24, and 32, of oxygen ; with 3, 4, 6, and 12, of 
carbon, and with 32 of sulphur. 

8 parts of oxygen unite with 1 and with 0*5 parts of 
hydrogen ; with 8*875, 11*8§, and 85*5 parts of dilorine ; 
with 2*8, 3*5, 4' 6, 7 and 14 parts of nitrogen ; with 3 and 
6 parts of carbon, and with 5*§ and 8 parts of sulphur. 

4*6 parts of nitrogen unite with 1 of hydrogen ; with 2*6, 
5*3, 8, 10*6, and 13*3 parts of oxygen, and with 4 parts of 
carbon. 

3 parts of carbon (the smallest quantity that unites with 
1 of hydrogen) unite with 0*25, 0*5 and 1 part of hydrogen ; 
with 8*875, 17*75, 26*625, and 35*5 of chlorine ; with 4 and 
8 parts of oxygen ; with 7 of nitrogen, and 16 of sulphur. 

16 parts of sulphur unite with 16 and 24 of oxygen ; with 
17'75 of chlorine and with 3 of carbon. 

A careful study of these figures will elucidate two of the 
most important laws of chemistry. It will be seen : — 

1. That in some cases the proportions in which two elements 
combine with one of hydrogen aire exactly the proportions in whi€ih 
they unite with one another. 35*5 parts of chlorine and 8 
parts of oxygen will respectively combine with 1 of hydrogen, 
and a compound is known which contains in every 43*5 parts, 
85*5 of chlorine and 8 of oxygen. 

2. That even when two elements unite in proportions different 
from those in which they unite with one of hydrogen, the numbers 
representing the two proportions hear a simple reicdion to one 
another. — Chlorine forms three compounds with oxygen. 
The one mentioned above contains 35-5 of chlorine to 8 of 
oxygen; the other two, 35*5 chlorine to 24 and 32 of oxygen. 
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In these two latter the proportion of oxygen is exactly three 
and four times as great as is found combined with hydrogen 
in water. The five oxides of nitrogen afford a still more 
striking example, although some thought is required to 
make it apparent. We already know that 1 of hydrogen 
unites with i'6 of nitrogen. In the following table the 
columns next to the names of the compounds show the 
quantities of oxygen which are combined with 4*6 of nitrogen 
in each of the oxides. These quantities of oxygen are repre- 
sented by somewhat awkward fractions. But if we multiply 
the 4' 6 by 3, and note the quantities of oxygen which 
unite with 14 of nitrogen, as in the middle columns of the 
table, we find that the proportions of oxygen can be expressed 
by whole numbers, and fiu*thermore that these numbers are 
simple multiples of 8, which we already know is the proportion 
in which oxygen unites with 1 of hydrogen. For the sake of 
comparison the percentage compositions are given in the last 
columns. 



Nitrous oxide * 4' 6 
Nitric oxide . .4*6 
Nitrous anhydride 4 * 6 
Nitric peroxide , 4*6 
Nitric anhydride. 4*6 



OXIDES OF NITBOOBN. 

Nitrogen. Oxygen. Nitrogen. Oxygen. 



F&rts in 100. 



2 
5 
8 

10 
13 



6 




14 
14 
14 
14 
14 



8 
16 
24 
82 
40 



Nitrogen. 
63-6 
46-7 
36-8 
30-4 
25-9 



Oxygen. 



36 

53' 

68 

69' 

74' 



4 
3 
2 
6 
1 



Units of Combining Weight. — Combining Weights, — Atomic 
Weights. — By an extension of the above methods of com- 
parison, it is at last made out that a number may be found 
for each element which is variously known as its ^' combining 
weight," " proportional number," or, for reasons which wifl 
be explained hereafter, its " atomic weight."* This number 
denotes the smallest quantity which is ever found united with 
one of hydrogen, or with an analogous quantity of any other ele- 
ment. For shortness it may be spoken of as the (Uom of the sub- 
stance. When we have once fixed upon the numbers which 
shall stand for the atoms of the elements, it is easy to represent 
the composition of all compounds by stating the number and 

* Here, again, I think that the word ** prime," used by Wollaston, 
might be conyeniently applied. The expresaion 1, 2, or 3 primes 
is accurate, and involves no hypothesis ; but to talk of 1, 2, or 8 
combining weights or combining numbers, U not only inconvenient 
bat absurd. 
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kind of atoms which they contain. Thns with the oxides of 
nitrogen. If we agree that the atom of nitrogen is 14 and 
that of oxygen 8, we see hy the above table that in the 5 
oxides, one atom of nitrogen is miited with 1, 2, 3, 4 and 5 
atoms of oxygen. 

Use of Symbols. — The symbols which have already been 
used (page 68) to denote volumes of gas, may be applied 
with equal exactness of meaning to the atoms of elements as 
found by weight. Thus, H may denote 1 atom, or 1 
part by weight of hydrogen. N, 1 atom, or 14 parts of 
nitrogen. O, 1 atom, or 8 parts of oxygen, and so on. 
With 'these symbols, formulsB, perfectly analogous to those 
already explained, may be constructed and applied to com- 
pounds. The formulse for the 5 oxides of nitrogen are, if 
the above mentioned atomic weights be adopted: NO, 
NO^ NOs, NO4, and NO,. 

Modes of fixing the Atomic Weights of Elements. — The 
numbers found for the combining or atomic weights of the 
elements from the study of the percentage composition of 
their compounds are liable to one serious drawback We can 
never be certain that the number adopted represents the 
weight of any real unit of the element. We cannot indeed 
by ^ir reasoning conclude that there is any constant unit of 
combining weight for each elenient. All that we can say is, 
that if there be such a unit, it must either have the weight 
we have assigned to it or bear some simple numerical 
relation to that weight. Looking at the carbon compounds, 
for example, in the table on page 75, we come to the con- 
clusion that the atomic weight of carbon is either 3, 6, or 12, 
for carbon unites with 1 of hydrogen in all those proportions. 
The atomic weight of nitrogen indicated by its hydrogen 
compound is 4*6, but the oxygen compounds of the same 
element seem to require it to be 14. In the same way the 
atomic weight of oxygen may be 4, 8, 16, or even some less 
simple number, and in all these cases analysis is powerless 
to tell us with any certainty which of the different numbers 
should be adopted. In fact, to speak accurately, analysis 
would appear to indicate that each element had more than 
one, or indeed many combining weights, but that these 
weights all bore a simple relation to one another. 

Fortunately, however, there are other fJEUsts at our disposal 
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with regard to the elements of their componnds which give 
clear eyidenoe upon this point, and which not only indicate 
that there is a single unit of combination for each element, 
but enable us to fix its weight with a near approach to 
certainty. The chief of these exterior sources of evidence 
may be briefly mentioned in this place. 

1. The Law of Oaseous Volumes, with the extensions of it 
that have already been considered (page 64, et acq.). This 
method can of course only be applied where gases are con- 
cerned, but its evidence when it can be obtained is more 
valuable than any other. The weights of the atoms of a 
great many of the elements are fixed in this way, and the 
method has been so fully explained that it is unnecessary to 
do more than refer to it here. We have seen, to take a 
single example, that the atomic weight of oxygen is taken as 
16, because 16 is the smallest weight of oxygen that occurs 
in 2 volumes of any gas. 

2. SvbstitvMon. — Equivalents, — This is merely a modifi- 
cation of the method by weight which has already been des- 
cribed. It has been seen (page 62) that one of the 
commonest modes in which chemical action takes place is by 
the svhstitution of a certain weight of one substance for 
another. In a series of substitutions we have only to ascer- 
tain the weight of different substances, which will displace 
one another to obtain a series of numberi^ which are called 
the equivalents of those substances. Starting from hydro- 
chloric acid, for instance, which contains 1 of hydrogen to 
35-5 of chlorine, we find we can replace the 1 of hydrogen 
by 23 of sodium, 39 of potassium, 20 of calcium, and so on. 
And in the same way the 35*5 of chlorine may be replaced 
(either directly or indirectly) by 8 of oxygen, d'fi of nitrogen, 
80 of bromine, 16 of sulphur, and so on. These various 
numbers are the equivcHents of the elements, and it is found 
that the quantities they represent are not only equivalent 
to 1 of hydrogen, or 35*5 of chlorine, but also to one another. 
16 of sulphur may take the place of 8 of oxygen or 80 of 
bromine, and 20 of calcium are always equivalent to 39 of 
potassium. 

All this is simple enough, and it would seem as if the 
equivalents so found might be adopted as the most convenient 
of " combining weights." They were in fact adopted, and 
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until lately were pretty generally employed for this purpose. 
Bat certain difficulties and inconveniences attend their use 
and have at last occasioned their abandonment. For, in the 
fitst place, the equivalents of is(ome elements do not agree 
with the numbers indicated by the law of volumes. The 
equivalent of oxygen, for instance, is 8, but its atom, as 
deduced from the composition of compound gases, is 16. A 
still graver objection lies in the &ct that as elements often 
combine in more than one proportion, it then follows that 
there are several equivalents for the same element. The 
case of the oxides of nitrogen, already cited, will make this 
plain. On page 76, it is stated that 8 parts of oxygen will 
combine with 1 of hydrogen, and with 2*8, 8*5, 4*6, 7 and 
14, of nitrogen ; it is therefore evident that these five quantities 
of nitrogen are all, in different compounds, equivalent to 1 
of hydrogen, and that, in fact, nitrogen has five equivalents. 
This difficulty is indeed only another form of that which was 
pointed out at the beginning of this section. 

But although the equivalent values of the elements are no 
longer thought sufficient to fix their atomic weights, this 
method of study is still of immense importance in chemistry, 
for two reasons : 

Firstly, because, as we have seen, the true atomic weight, 
when not identical with the equivalent, always bears a simple 
relation to it. 

And secondly, because it often enables to fix the exact 
constitution of a compound, as will be seen from the follow- 
ing simple illustration. The formula deduced from the 
analysis of acetic acid is CHgO (0 = 12, H = 1, = 16). But 
we &id by experiment that one quarter of the hydrogen of 
acetic acid may be replaced by a metal — ^by sodium, for 
instance, or silver. Now it is evident that, if the above 
formula were correct, the metal must displace half cm atom of 
hydrogen, which, as the atom is defined to be the smallest 
possible quantity, is absurd. We must, therefore, double the 
formula and make it GfH^Os. It is then seen to consist 
of 2 atoms of carbon, 4 of hydrogen, and 2 of oxygen. 
Sodium displaces one atom of hydrogen, and the formula for 
the compound so obtained is GJIsNaOs. This view is com- 
pletely confirmed by the law of volumes. By the rule given 
on page 72, the specific gravity of the vapour of acetic acid 
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ought, if the formola OH,0 were correct, to be 15, whereas 

^rperiment shows it to be 30. 

3. Specific Seat. — Atomic Meal. — This method gives very 
good results with elements in the solid state, and is of the 
□tmost importance. Equal weights of difforent substances, 
heated to an equal eitent, require very different times for 
cooling down to the same point. If one pound of water and 
one pound of mercury, at a temperature of 100° C. (boiling 
point) be alloived to cool down tn 50°, it will be found that 
the water is 30 times as long in doing so as the mercnry, and 
gives out 30 times as much heat. Water at any one tempe- 
rature contains 30 times as much heat as an eqiuil ' weight of 
mercury at the same temperature, and analogous differences 
are ol^rved with all other substances, llie quantities of 
heat which equal weights of different bodies contain at the 
BEune temperature (measured by the time required for their 
cooliBg, or in some other way) are called their apedjie heait. 
The specific heat of water is greater than that <^ any other 
known substance (except hydrogen), and it is therefore taken 
as the standard, and called 1. The specific heat of liquid 
mercury is said to be 0'033. 

Now if i^e compare tc^ether the specific heat of difierent 
elements in the solid state, we find, as the following table 
Q»ago 8'2) will show, that no relation can be observed between 
them. But if we compare together the specific heats, not of 
equal weights, but of atomic weighie, which we can easily do 
by multiplying the specific heats of the first column by the 
atomic weights, we find that the numbers are very similar to 
one another, and approximate to 6'3. It is therefore inferred 
that if we could compare all elements in the solid state and 
at equal temperatures, in quantities proportionate to their 
atomic weights, and could avoid all errors of experiment, 
fhey viouJd all coataitt the tame qaaatity of heat. This quantity, 
found by multiplying the specific heat by the atomic weight, 
is called the atomic heat of the element. 

It is easy to understand the assistance which this theory, 
discovered by Dulong and Petit (we must remember that it 
is only a Uieory, for its tmth cannot be demonstrated), 
affords in fixing the atomic weights of elements. Let as 
take the case of zinc to illustrate it. The equivalent of 
zinc, as compared with hydrogen, is 32'5, and that number 
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was formerly taken as the atomic weight of the metal. But 
the specific heat of zinc is * 0955, and this number multiplied 
by 32 * 5 only gives 3 - 1, so that the atomic heat of zinc must 
be regarded as exceptional and only half of the usual 
quantity. But if we take 65 as the atomic weight of zinc, 
the anomaly vanishes, and the atomic heat becomes 6*2. 
The atomic weights of many other elements have of late 
years been doubled for the same reason. 

Some few exceptions to this rule of atomic heat are 
known, of which carbon and silicon are the most important^ 

It will be seen that if we wish to find the atomic weight 

of an element from its specific heat, we must divide the 

average atomic heat 6 ' 3 by the specific heat. The atomic 

weight so obtained will not be exact, but it will serve to 

indicate whether a particular number or a fraction or 

multiple of it is to be chosen as the true atomic weight. 

6*3 
E,g, Atomic weight of tin is tqf^ = 112, which sufficiently 

indicates that 118, and not 59, should be taken as the atomic 
weight of tin. 

SPEOIFIO AND ATOMIO HEATS. 



Elbment. 


Specific Heat. 


1 Atom 
Welgl 


Jj Atomic Heat 


Bromine (solid) . . 


0-0843 


80 


6-7440 


Iodine 






0541 


127 


6-8707 


Potaflsinm . 






1696 


39 


6-6144 


Sodium . . 






0-2934 


23 


6-7482 


Silver 






0-0570 


108 


6-1560 


Gold . . . 






0-0324 


196 


6-3504 


Phosphorus . . 






0-1887 


31 


5-8497 


Arsenic . 






0-0814 


75 


6- 1050 


Antimony . 






0-0508 


122 


6-1976 


Bismuth 






0-0308 


210 


6-4680 


Sulphur . . . 






0-1776 


32 


5-6832 


Magnesium . , 






0-2499 


24 


5-9976 


Zinc . ' . . 






0955 


65 


6-2075 


Mercury (solid) , 






0-0319 


200 


6-3800 


Oopner . . . 






0-0951 


63 


5 6 0389 






0314 


207' 


6-4998 


Iron .... 






0-1138 


56 


6-3728 


Aluminium . 






0-2143 


27- 


5 5-8932 


Tin ... . 






0-0562 


118- 


6-6316 


Platinum . . 






0-0324 


197' 


6-3828 
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4. Isomorphum.^It waa discoTered b; Mitscherlich, that 
compounds which might be supposed to have a similar 
chemical coinposition, very commonly crystallized in the 
Bame form, even though quite diSbreut in properties. Similar 
componnds of calcium, strontium, barium, and lead; similar 
Bolphates, seleuates, and chromates, and similar phosphates and 
airaenaiee, are examples of this law, and many others might be 
quoted. Compounds which eihibit this peculiarity are said 
to be iiomorphotu with one another (from itos, like, and liopifnj, 
form). Mitecberlicb's law, though not universal, is yet so ire- 
qnently true that wheo two analogotiB substances yield crystals 
- having the same angular meaauremeut, there is a great apriori 
probability that their conatitnents are arranged in a similar 
manner, and this probability is sometimes of great use in 
fixing the atomic weight of an element. For example, the 
nietal aluminium has only one oxide, alumina, which contains 
18'§ of the metal to 16 of oxygen. As 16 is the atomic 
weight of oxygen, it would be natural to suppose that that of 
ftlnminium was 18'3, in which case the formula of alumina 
would be AlO. But alumina is isomorphous with red oxide 
of iron (ferric oxide) which is known to have the formula 
Fe^„ and it is therefore concluded that the formula of 
alumina must be A1,0„ in which case the atomic weight of 
alominium mast be 27-5 Of course either formula agrees 
equally well with the result deduced &om analysis. 
For if:— 

Al = 18§, then AlO = 18-3 Aluminium : 16 Oxygen. 

Al = 27-5, then Al,Os = 65 „ : 48 „ 

the proportion being the same in both cases. The number 
27*5 is confirmed by the specific heat of aluminium, for — 

which is as near as could be expected. 

The atomic weights of the elements, determined by the 
collation of all these various &cts and theories, are given in 
the table at the commencement of this volume. 
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EQUIVALENT VALUE OP ATOMS. — ATOMICITY, OB 

QUANTIVALENX3E. 

The above remarks will have made it evident that the 
quantity which is known as the atom of an element is not 
always the same as its equivalent. The equivalent of oxygen 
is 8, because 8 parts of oxygen will replace 35-6 of chlorine, 
or 1 of hydrogen, but the atomic weight of oxygen is held to 
be 16: the equivalent of nitrogen is 4 '6, but its atomic 
weight is 14; and lastly, in its simplest compound, the 
equivalent of carbon is 3, whereas its atomic weight is 12. 
It follows from this, that an atom of oxygen is equivalent 
to two, an atom of nitrogen to three, and an atom of carbon 
to four atoms of hydrogen. For if 8 of oxygen be equivalent 
to 1 of hydrogen, 16 must evidently be equivalent to 2. The 
atom of each element has therefore its own equivalent value, 
represented by the number of atoms of hydrogen to which it 
is equivalent. This equivalent value, as compared with that 
of the atom of hydrogen, is often spoken of as the atomicity, 
or quantivcdence of the element, and its amount is described 
by the words monody diad, triad, tetrad, pentad, &c., according 
as the atom is equivalent to one, two, three, four, or five 
atoms of hydrogen. 

Classification of Elements by their Atomicity, — All those 
elements of which one atom is equivalent to one atom of 
hydrogen, either in replacing it or combining with it, are 
classed together as monads. The most important monad 
elements are, hydrogen, chlorine, bromine, iodine, and fluorine 
among the non-metals, and potassium, sodium, and silver, 
among the metals. 

The chief diad elements are oxygen and sulphur among the 
non-metals, and barium, strontium, calcium, magnesium, 
zinc, copper, mercury, and lead among the metals. 

As examples of triads may be mentioned nitrogen, 
phosphorus, arsenic, and boron, and the metals bismuth and 
gold. 

Carbon, silicon, and most of the other metals are tetrads. 

Mode of Marking Atomicity. — As the symbol denotes one 
atom, it is easy to mark the equivalent value, or atomicity, of 
that atom by dashes or Boman figures placed above and to 
the right of the symbol, in the following manner : — H' 0" N'" 
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C"" or (?^. The monad atoms, however, are seldom marked 
at all. 

Let it be understood distinctly that a diad atom will take 
the place of or will combine with any two monad atoms. 
One atom, or 16 parts of oxygen, for instance, may very often, 
by mere substitution, be made to disjplace and take the place 
of two atoms (2 parts) of hydrogen, and we already know 
that 16 parts of oxygen will combine with 2 of hydrogen. 
The formulsB for a few important compounds will illustrate 
the different values of the atoms more clearly than words. 

HCl, H2O", H3N'", H^C^ KCl, K2O", Zn^Cla, Bi^'Clg. 

Mode of Fixing Atomicity. — When an element combines with 
hydrogen, the hydrogen compound decides the atomicity, as 
with chlorine, oxygen, nitrogen, and carbon. In other cases 
the chlorine compound, or any other compound that the 
element may form with a monad, may be used instead. Thus 
platinum is reckoned a tetrad because it forms the chloride, 
Pf 'CI4, in which the atom of platinum is united with four of 
the monad atoms of chlorine. 

Perimad and Artiad Atoms. — Those elements whose 
atomicity is an uneven number are called perissiads (irepLcrcro^, 
odd), and those in which it is even, artiads (aprtos, even). 
There is great convenience in the use of these words, which 
were suggested by Dr. Odling. 

Variations of Atomicity, — Many elements have different 
atomicities in different compounds. For example, a second 
compound of platinum and chlorine is known, which has the 
formula Pt"Cl2, and here the metal is clearly a diad. So 
carbon, which is tetrad in C^'^H^ and C*^0"2 (two diad atoms 
act, of course, like four monad ones), is diad in CO. And 
nitrogen, which is triad in N'"H3, is monad in W^O", and 
pentad in N^H'^Cl'. But these variations are subject to one 
rule, which is of almost universal application. Perissiads are 
never artiads, nor artiads perissiads, A pentad, for example, 
which of course is a perissiad, may sometimes act as a triad, 
or a monad, but not as a tetrad, or diad. Two of the oxides 
of nitrogen, NO and NOg, are almost the only certain excep- 
tions to this important rule, which must be borile carefully 
in mind in constructing formulas. 

Badicals, — The formula for nitric acid is HNO3. -^^^ ^ 
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large nmnber of compounds called nitrates are known, which 
differ from nitric acid only in containing some metal in place 
of hydrogen. Thus we have sodium nitrate NaNO,, and 
silver nitrate AgNO . In all these nitrates, however, the 
common quantity NO is found, and NOs is therefore called 
the radical of the nitrates. In the same way the formula for 
sulphuric acid is £[,804, and the sulphates all contain the 
radical SO4. Neither NOg nor SO4 exist in a separate state. 
It is probably impossible for them to do so. We do not 
even ^ow that they exist in the compounds, but we do know 
that their elements are present in the same proportions in a 
large number of compounds, and that all these compounds 
are linked together by a certain similarity of properties; 
and therefore, without troubling ourselves either to afi&rm or 
deny their existence as separate entities, it is convenient to 
assume their presence in certain compounds. We shall meet 
with many radicals as we go on, many of them very unlike 
one another in function ; but for the present we have to regard 
them only in one point of view. In the compounds which 
contain them, radicals play the part of elements, and, like 
elements, every radical has its own proper atomicity. The 
acids which contain radicals afford good examples of this. 

Nitric Acid H N O, is like Hydrochloric Add H CI. 

Sulphuric Acid H2SO4 ,, Water HjO. 

Phosphoric Acid H^POf ,, Ammonia H^N. 

As CI is united with one of H, so NOs is united with one of H. 
NO3 is therefore called a monad radical. And as SO4 is 
united with two of H, it may be compared to oxygen, and is 
called a diad radical. Their atomicity may be marked as 
that of elements is marked (NO,)', (SO4)", and (PO4)'", and 
lastly it must be remembered that in all nitrates NO, is 
monad, and in all sulphates SO4 is diad. 

Measure of the Atomicity of Radicals, — The equivalent value 
of a radical is measured, just as that of an element is, by the 
number of atoms of hydrogen or other monad element with 
which it combines. NO,, for instance, is a monad radical, 
because in HNO, it is combined with one atom of hydrogen. 
A radical is in fact an incomplete compound, and it is 
monad, diad, or triad according as it lacks one, two, or three 
monads to complete it. The following table includes some 
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of the most important radicals of chemistry. Only a few of 
them have individual names. 



MONAD BADIOALS. 
Hj N (Amidogen) in' 



lidogen) inl 

• • • • I 



Amides 
N (Cyanogen) in Oy a- 1 

nides . . . . ./ 
CI O in HvpochloriteB 
CI O2 in Cidorites . . 
CI Oa in Chlorates . . 
CI O4 in Perchlorates . 
N Oj in Nitrites . . 



N O, in Nitrates . 

P O, in Metaphosphates 



H3 N. K H, N. 

HCN. KCN. Hg"(CN),. 

HCIO. KCIO. 
H CI O2. K CI O2. 
H CI O,. K CI O.. 
H CI O4. K CI O4. 
HN Oj.KNO^. 



HN Oa-KNO.. 
H P O,. K P O,. 

N H4 (Ammonium) in Ammonium C!ompounds, as in N H4 CI. NH4 !N O3. 
C Ha (Methyl) in Methyl Compounds. . . , , C H, CI. 
C2H5 (Ethyl) in Ethyl Compounds . . . ,, CjHjCl. 



DIADS. 
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S O, in Sulphites . 
8 O4 in Sulphates . 
C O3 in Carbonates . 
Si O, in MetasiHcates ,, H^SiO,. Mg"SiO,. 

C Hj (Methylene) in Methylene Compounds, as in C Hj Clj. 



as in H, S O3. 
H,S04. 
K.2 C O3, 



K2SO,. Ca"SO,. 
K3SO4. KHSO4. 
KHCOg. Ca"C08. 



TBUDS. 

P O4 in Phosphates, as in Hg P O4. K8PO4. KHJPO4. KJHPO4. 
As O4 in Arseniates , , H, As O4. As,. As O4. 

C H in such compounds as Chloroform, C H CI,. 



TETBADS. 

Si O4 in Silicates . . as in H4 Si O4. Mg''^ Si O4. 

Pa O, in Pyrophosphates , , H4 P, O,. Na4 P, O,. Mg"j Pj O,. 

NOMENCLATUBE. 

Names are given to chemical compounds, according to 
rules which, though not perfect, are better than those 
employed in any other science. Only a few of the simplest 
ne^ be indicated in this place. 

1. Compounds of two elements only are distinguished by 
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the termination ide, Thas the componnd of zinc and oxygen 
is called oxide of zinc, or zinc oxide;, zinc and chlorine, 
zinc chloride ; sodium and chlorine, sodium chloride ; and so 
on. This rule is invariable, though for special reasons a dif- 
ferent name is more often used for certain simple compounds. 

2. When there are two compounds of the same two 
elements, the lower — that which contains the least oxygen, 
chlorine, &c. — is distinguished by the termination ous, and 
the higher by the termination ic. The lower chloride of tin 
SnCl2, for instance, is called stannous chloride, and the 
higher, SnCl4, stannic chloride. The same rule is applied 
to acids. HNOs ^ called nitrous acid, and HNOs nitric acid. 

3. The substances called salts which are derived from an 
acid which ends in ous have the termination ite. All the 
salts, for instance, which contain the radical NO2, and which 
therefore correspond to nitrous acid, are called nitrites. Salts 
which correspond to acids ending in to, have the termina- 
tion ate. Nitric acid, for instance, forms nitrates, sulphuric 
acid, sulphates, and acetic acid, acetates. Almost the only 
exception to this rule is in the compounds called hydrates, 
which contain the radical HO, and which, instead of corre- 
sponding in composition to an acid, correspond to water. 

Other rules will be more conveniently given as instances 
occur. 

ATOMIC Aim MOLEOULAB HTPOTHESES. 

Atoms. — Atomic Weights, — Dalton, to whom we are indebted 
for the first clear enunciation of the laws of combination by 
weight, contrived a beautiful hypothesis to account for them. 
In its simplest form it is known as Dalton's atomic hypothesis. 
According to this view, matter is composed of tlltimate 
indivisible particles called atoms (dro/jio^y indivisible). 
Every element has its own atom, peculiai: in properties and 
in weight. All compounds are formed by the union together 
of elementary atoms. The relative weights of the atoms are 
expressed by their combining weights, and afford a simple 
reason for those combining weights. Thus (taking the 
modem numbers), 35*5 parts of chlorine combine with 1 of 
hydrogen, bemuse every atom of chlorine is attracted by and 
combiiiLes with one atom of hydrogen. In the same way, 
every one atom of oxygen, weighing 16, combines with two 
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atoms of hydrogen, weighing 2. In fact, the combining 
weights of the elements show the relative weights of the 
atoms, hydrogen being taken as unity, and this is the reason 
why the combining weights are generally called atomic 
weights. It follows from this that the ultimate particle — 
the smallest possible quantity — of any compound must 
contain at least two different elementary atoms. Compounds 
are groups of atoms of two or more kinds. 

Molecules. — Molecular Weights. — The ultimate particles of 
cx)mpounds, consisting, as we have seen, of groups of atoms, 
are called molecules (molecidus, small mass). Their weight 
is, of course, the sum of the weights of their constituent 
atoms. Thus the molecular weight of hydrochloric acid, 
HCl, is 36*5, and of water, 18. Eeasons have already been 
given for believing that the ultimate particles of most 
elements, at any rate in the gaseous state, consist of two or 
more similar atoms. The view adopted for compounds must 
therefore be extended to elements, and we must admit that in 
the gaseous state elements consist of molecules incapable of 
division, which molecules themselves consist of atoms of 
similar kind, sometimes of only one (mercury, zinc, and 
cadmium gases), sometimes of two (hydrogen, oxygen, &c.), 
and sometimes of more than two (ozone, phosphorus, arsenic, 
and sulphur gases). 

By an extension of this view, the symbols and formulse 
which are used to denote two volumes of any gas, elementary 
or compound, can also be applied with equal accuracy to 
denote respectively one atom and one molecule of it. The atom 
of hydrogen may be denoted by H, the molecule by Hg ; the 
atom of arsenic by As, the molecule (as gas) by AS4 ; and 
single molecules of hydrochloric acid, steam, and ammonia 
may be represented by the formulaB HCl, H2O, and HjN. 
This leads us to another important hypothesis, which of late 
years has been very generally adopted. It refers only to 
gases. 

Hypothesis of Avogadro and Ampere. — This hypothesis, 
BUggested by Avogadro in 1811, and further developed by 
Ampere in 1814, may be stated in the following terms: 

Equal volumes of different gases, at equal pressure and tern" 
peraiurej contain equal numbers of mx>lecules. 

This hypothesis es;plains two things. 
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1. The fact already mentioned (pages 34, 56), that all gases 
are equally affected in volume by variations of pressure and 
temperature. Physical agencies, such as heat and pressure, 
do not affect the nature of molecules, but only their distance 
from one another, and this being the same in all gases under 
similar conditions, the effect produced by those agencies 
must naturally be the same in all cases. 

2. The law of gaseous volumes. If one molecule of 
chlorine enters into chemical action with one molecule of 
hydrogen, the same will be true of one thousand, or one 
million molecules of each. Now by the hypothesis one 
thousand, or one million, molecules of chlorine occupy a 
space equal to that occupied by one thousand, or one million 
molecules of hydrogen, and it therefore follows that the two 
elements should react together in the proportion of equal 
volumes, which experiment proves to be the fact. In like 
manner, two volumes of hydrogen react with one volume of 
oxygen, because one volume of oxygen contains n, and two 
volumes of hydrogen 2n molecules, and every molecule of 
oxygen reacts with two molecules of hydrogen. 

Structure of Oases. — Summary of Hypotheses. — The modem 
doctrine may be summed up in these words. 

1. Equal volumes of gases, at equal pressure and temperature^ 
contain equal numbers of molecules, 

2. Every molecule consists of one or more atoms, either similar 
in kind (elementary nholecules), or dissimilar in hind (compound 
molecules).* 

* The molecalar hypothesis is sometimes referred to so loosely, that 
a few further remarks upon it may not be out of place. 

1. The hypothesis asserts nothing of the relative bulk of molecules, 
or atoms. It does not assert that one molecule of hydrogen bus tlie 
same bulk as one molecule of chlorine, but only that n molecules of 
hydrogen occupy, by their molecular movements, the same space as 
fi molecules of chlorine. 

2. Similarly, the hypothesis does not assert that the bulk of an 
atom of hydrogen is equal to the bulk of an atom of chlorine, but only 
that two atoms of hydrogen and two atoms of chlorine occupy, respec- 
tively, by their atomic movements, the spsuse of one molecule. The 
atoms of matter may be almostly infinitely small, as compared with the 
molecules, and if the bulk of the molecules were known we should be 
no nearer to knowing that of the atoms. 

A molecule of hydro°;en may, for aught we know, be comparable to 
an inflated bladder, with two peas rotating in it. 
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Molecules of Solids and Liquids. — The formnlsB applied to 
gasoB are generally extended for convenience sake, but by 
imperfect reasoning, to the same substances in the liquid 
and solid state. But it is right to point out that neither 
hypothesis nor experiment tell u8 anything of the number of 
atoms contained in the molecules of solids and liquids. We 
haye good reason for believing that a molecule of iodine 
vapour coniains only two atoms ; but, for aught we know, a 
molecule of solid iodine may contain a thousand. The 
formula for common salt, wbieh is nan-volatile, is written 
NaCl, on account of its analogy, not with solid, but with 
gcLseous HCl. The formula NaCl does indeed tell accurately, 
as far as our knowledge goes, the relative number of atoms of 
sodium and chlorine diat are present in the compound, but it 
does not tell us the absolute number that are present in each 
molecule. The true formula for common salt, as compared 
with that of hydrochloric acid gas, HCl, would be Na, Cl^^ 
n standing for an unknqwn and probably very large number. 
In other words, the formula for common salt, or for any 
other solid or liquid, is probably only the formula for the 
nth part of one molecule. There is both convenience and 
propriety in the use of the ordinary formulsB for solids and 
liquids, inasmuch as they truly represent the relative 
quantities of matter which are concerned in chemical 
dianges ; but it should not be forgotten that these formul® 
differ from those of gases in that the latter tell us, in 
addition, how much matter is present in a certain space, and 
also, if the molecular hypothesis be adopted, the absolute 
number of atoms in each molecule. 

Hypothesis to Account for Atomicity, — The different equiva- 
lent vEdue of dififerent elementary atoms can be accounted for 
by supposing that each atom has the power of fixing to itself 
a certain number of other atoms. It is as though a carbon 
atom, for example, had four arms by which it could grasp 
and be grasped by four hydrogen, or chlorine atoms, or two 
oxygen, or sulphur atoms, each of the latter having two arms 
of its own. It must, of course, be understood that this is 
a mere illustratiou, for no one believes that the atoms have 
real arms projecting from them. But the illustration gives a 
lively idea of the hypothesis ; and atoms are sometimes figured 
as circles with arms (called bonds) proceeding from them. 
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The following figures represent a few of these atoms and 
their compounds : 

Hydrochloric Acid Ql) v2y 
Water (hHo)-® 

Ammonia 



t r 



MoD8ul atoms 
Diad 
Triad 
Tetrad ,, 



J » 



-o 

-9- 



Methene 




The variations of atomicity by pairs, which have been 
described before (page 85), are explained by supposing that 
the bonds of an atom have the power, under certain circum- 
stances, of neutralizing one another in pairs. To carry out 
the simile used before, the carbon atom has four arms, and is 
therefore a tetrad; but if two of those arms are clasped 
together, they will not so easily grasp other atoms, and the 
carbon atom will therefore act as a diad. 

The hypothesis, put in this form, appears somewhat 
fanciful, but it harmonizes well with known facts, and has 
the merit of assisting wonderfully in the comprehension of 
the complex compotmds of organic chemistry. 



EQUATIONS, OB FORMULA OF OHEMIOAL OHANOE. 

Chemical changes of all kinds can be very conveniently 
represented in the form of equations, the formulad for the 
substances concerned being written in the first half, and the 
formulas for the new substances produced in the other. Thus 
the combination of zinc and chlorine is thus expressed : 

Z\nc Chlorlae. Zinc Chloride. 

Zn" + Cla = Zn" Cl^ ; 

which may be read in the following manner. One molecule 
of zinc added to one molecule (two atoms) of chlorine is 
equal to, or rather produces one molecule of zinc chloride. 
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Such equations are often called formulxB, whicli introduces 
a little confusion, since we have already seen that the term 
formula is also applied to the aggregate of symbols which 
denotes the molecule of a single element or compound. In 
making out an equation of this kind, it is necessary, as with 
algebraical equations, to take care that every atom which 
appears in the first half shall duly appear and be accounted 
for in the second. The following equation, which expresses 
the oxidation of ethylene gas, illustrates this : 

Ethylene. Carbonic Anhydride. Water. 

C2H4 -f. 3O2 = 2 CO2 + 2 H2O. 

Two atoms of carbon, four of hydrogen, and six of oxygen 
are concerned in the change, and it will be seen that though 
differently arranged, they are all accounted for in the second 
half of the equation. The large figures in the above and 
in similar equations refer, it must be remembered, to the 
uihole molecule, 2CO2, for instance, means two molecules of 
carbonic anhydride, containing toge&er two atoms of carbon 
and four of oxygen. A few more equational formulee, one or 
two of them rather complex ones, may, with advantage, be 
studied in this place. They represent chemical changes of 
several kinds. 

Decomposition of water : 

2H2 0" = 2H2 + 02. 
Synthesis of water : 

2H2+O2 = 2H2O. 

Substitutions : 

Snlphnrfc Add. Zinc Snlphate. 

H2SO4 + Zn" = Zn"S04 + H2. 

Water. Potassium Hydrate. 

2 H2O" + Kj = 2 K H 0" + H2. 

Copper Chloride. Ferrpns Chloride. 

Cu'' CI2 + Fe" = Fe" CI2 + Cu". 



Double decompositions : 



Mercuric 
Chloride. 



Potassium 
Iodide. 



Mercuric 
Iodide. 



Potassium 
Chloride. 



Hg'' CI2 + 2 K I = Hg" I2 -h 2 K CI. 
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Double decompositionB — continued. 

Potassium Hydrochloric xxr^^^r' Potafisinm 

Hydrate. Acid. ^^^' Chloride. 

KHO" + HCl = H2O" + KCl. 

Oopper Oxide. Nitric Add. Water. Copper Nitrate. 

Cu"0" + 2HN0, = HjO" + Cu"(NO,)>. 

Calcium Phosphoric Hydrochloric Calcium 

Chloride. Acid. Acid. Phosphate. 

8Ca"Cla + 2H,P0, = 6 HCl + Ca"s(P04y"2. 

The brackets in the two last examples will readily be, 
understood. Cu''(NOs)a expresses that one atom of the 
diad metal copper is united with two units of the monad 
radical NOg. 

One great advantage of these equations is that they afford 
us the means of ccdculating the respective quantities by 
weight in which bodies act on one another. Take, for 
example, the above-described action of mercuric chloride and 
potassium iodide. HgCl^ means one atom of mercury 
weighing 200 combined with two atoms of chlorine weighing 
35*5 X 2 = 71, total 271. EI means one atom of potassium 
89 and one atom of iodine 127, total 166 ; or, as 2EI is 
employed, 882. We therefore know that 271 parts (pounds, 
granmies, or tons) of mercuric chloride will act upon 332 
parts of potassium iodide, and in a similar manner we can 
calculate that 454 parts of mercuric iodide (Hglj = mercury, 
200 -f- iodine, 127 x 2 = 254), and 149 parts of potassium 
chloride will be produced during the change. Now suppose 
that a chemist has 100 grains of mercuric chloride, and 
wishes to know how much potassium iodide he must add to 
convert all the mercury into iodide. He knows that 271 
parts of the chloride will require 832 of the iodide, and he 
has therefore only to perform a simple proportion sum. 

271 : 332 : : 100 : a; = 122^ grains. 

In like manner he can readily find out that he ought to 
obtain as the result of the action 167i grains of mercuric 
iodide and 55 grains of potassium chloride, for as 271 parts 
of mercuric chloride yield 454 parts of mercuric iodide and 
149 parts of potassium iodide, 

271 : 454 : : 100 : a; = 167^ grains 
and 271 : 149 : : 100 : a? = 66 
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In short, to sum up the whole reaction, 100 grains of 
mercuric chloride, with 122^ grains of potassium iodide, 
will yield 167^ grains of mercuric iodide and 55 grains of 
potassium chloride. It is of course equally easy to find out 
how much mercuric chloride and potassium iodide must be 
employed to yield a certain weight, say 100 grains of 
mercuric iodide. 

When the equations refer to gases they have another 
advantage. As every single formula for an element or com- 
pound denotes two volumes of gas, the volumes of dififerent 
gases concerned in a reaction can at once be inferred from 
the equation. In the equation given above 

C2H4 + 3O2 = 2 002+ 2 H2O,' 

O2 H4 means 2 volumes of ethylene, and 3O2 means 3x2 = 6 
volumes of oxygen ; so that 2 volumes of ethylene require 6 
volumes of oxygen for their complete oxidation. There will 
be produced during the action, 2OO2, that is, 4 volumes of 
carbonic anhydride and 2n20, that is, 4 volumes of steam. 
For if OO2 represents 2 volumes, 2OO2 must evidently 
represent 4 volumes. It must not, however, be forgotten 
that these relations of volume are only correct if the pressure 
and temperature remain tmaltered. If otherwise, a correction 
must be made by the methods already given (pages 34, 57). 

AOIDS, BASES, SALTS. 

Allusion has already been made (pages 49, 50) to certain 
substances which have long been known under the respective 
names of acids and hoses. Acids are sour and redden litmus, 
and bases, when soluble, have what is called an alkaline 
taste, and turn the colour of reddened litmus back again to 
blue. They have a kind of antagonistic function, and will 
neutralize one another. When an acid acts on a base, a new 
compound called a salt is produced,* which commonly has no 
action on either blue or red litmus. 

But although in well-marked cases acids, bases, and salts 
are so different from one another in properties, modem 
chemistry has taught us that the compounds usually known 
by those names bear so much resemblance to one another 
and to other compounds in structure^ that it is impossible to 
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frame accurate definitions for tbem. If possible it would 
perhaps be as well to banish the terms {Jtogether; but as 
that would produce great inconvenience, it is better to take 
such imperfect definitions as we can get. 

1. Adds. — An add is composed of hydrogen mth one of 
those radicals, elementary or compound (page 86), which are 
called add radicals. The hydrogen can he replaced by metals^ 
in which case one of the' compounds called salts is formed. 
Acids redden litmus, and are commonly sour. 

The following are important examples : — Hydrochloric 
Acid, HCl; Nitric Acid, HNOg; Sulphuric Acid, H28O4; 
Phosphoric Acid, H3PO4. In the first of these hydrogen is 
united with the elementary acid radical CI, in the others, 
with the compound radicals NO^, SO4, and PO4. 

The imperfection of the definition will be apparent if we 
remember that we can only define an acid radicsd as a radical 
which, united with hydrogen, forms an acid. 

Basity of acids. — Acids are said to be monobasic, dibasic, or 
tribasic, according as they contain one, two, or three atoms 
of hydrogen which can be replaced by acids. In the 
previous examples HCl and HNOs are monobasic, H2SO4 
is dibasic, and H3PO4 is tribasic. Of course this is equi- 
valent to saying that the radicals of those acids are monad, 
diad, or triad. PO4 is a triad radical, and its acid may be 
written in this way, 'Bj(FOy". Acids which contain more 
than one atom of replacable hydrogen are said to he polybamc. 

Oxygen Acids, or Oxy-adds. — Most acids contain oxygen as 
a 'part of their radical, and these are related in a very simple 
manner to a particular series of oxides, which, for that reason, 
are called add oxides or anhydrides. When one of these 
anhydrides combines with water, an acid is formed, and 
when, on the other hand, water is removed from an acid, the 
corresponding anhydride is obtained. 



Nitric 
Anhydride. 

NjO, + H,0 

Sulphuric 
Anhydride. 

so, + H,0 

Phosphoric 
Anhydride. 



Nitric Acid. 

= 2 HNOs. 

Sulphni ic 
Acid. 

= H2 S O4. 

Phoephoric 
Acid. 



PzOe -f 3H2O = 2H3PO4. 
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One molecnlo of nitric aQhTdride, uniting with one of 
water, forutB two molecules oi nitric acid. In a similar 
manner, if from one molecule of Bulphoric acid one molocole 
of water be taken, one molecule of snlphnrio anhydride will 

remain. 

It must not. however, be supposed the acids are always, or 
even generally, prepared in practice from the anhydrides. 
One anhydride, indeed, silicic anhydride, SiO^, will not 
combine directly with water, although its acid can be 
obtained by indirect means. The anhydrides of many acids 
have not yet been obtained, and one anhydride (oarbonic 
anydride, 00,) is known to which no corresponding acid 
can be proved to exist. The formula for the acid should be 
H,CO,. 

% Sallg.^A salt is a compound coniaining a meted and au 
elementary or eomptmnd acid radical. 

A salt only differs &om an acid by containing a metal in 
place of hydrogen. Taking, for example, the salts of sodium, 
those corresponding to the acids already mentioned are — 

Na CI Sodium chloride ; corresponding to H 01. 

Na N Oj , , nitrate , , H N Oj. 

HajSOi ,, sulphate ,, H.SO,. 

Na,PO, ,, phosphate ,, H,P0,. 

The proportion which the metal and radical bear to one 

another depends of conrse on the atomicity of each. Thus 

the chloride, nitrate, sulphate, and phosphate of the diad 

metal calcium, and of the triad metal bismuth, are formulated 

in this way : 

Ca" 01, Ca" (N O,), Oa" (S 0.)" Oa". (P 0.)'",- 

Bi"'01, Bi'"(N05;, Bi"',(80,)", Bi'"{PO,)"'. 

In many ealts of polybasic acids the hydrogen is only 
partially replaced by mebils. Thus we have 

1 Pbo«p1icrlc SiidtDRiHUbjdrogen DfiodiuTD-hj-dn^pTi Sodium PliosphHtf, or 
Add. Pboeplule, Phofphilt, Tilsodliun Phuipbato 

H, P 0,. Na Hj P 0,. Na. H P 0,. Na, P O.. 

It will be seen from the above remarkB that acids are 
really hydrogen salts. Some chemists indeed name them 
accordingly, and call H.SOi "hydrogen sulphate," instead 
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of sulphnric acid. The term acid is applied by them to the 
anhydrides, so that the formula for sulphuric acid becomes 
SOj,. Many salts are known which are more or less ir- 
regular in their composition, but modem chemical theory 
enables us to give a tolerably satisfactory account of aH of 
them. 

3. Bases. — A hose is a metallic hydrate (that is. a compound 
of a metal with the radical HO) which is capable of reacting 
with adds to form salts. 

As HO is a monad radical, the constitution of hydrates 
is closely analogous to that of chlorides, nitrates, &c. For 
example : 

Sodimn Hydrate. 

NaHO is like NaCl and NaNO^. 

Calcium Hydrate. 

Ca" (H 0), is like Ca" CI, and Ca" (N Os),. 

Bismuth Hydrate. 

Bi'"(H0)3 is like Bi^'Ols oQd Bi(N03)3. 

Bases, like acids, are related to a particular series of 
oxides called basic oxides. These oxides are sometimes 
called bases. They differ from the true bases by the 
elements of water. 

Sodium Oxide. 5>odiam Hydrate. 

Na,0 + HaO = 2 NaHO. 

Calcium Oxide. Caldnm Hydrate. 

Ca"0 + H,0 = Ca"(H0)2. 

Bismuth Oxide. Bitmutb Hydrate. 

Bi%0", + 3H3O = 2Bi'"(H0),. 

Some basic oxides, however (bismuth oxide, for instance), 
will not combine directly with water ; and, on the other hand, 
some basic hydrates (sodium hydrate, for instance) cannot be 
dehydrated by heat. Calcium oxide and hydrate are 
examples of compounds which experience both changes with 
ease. The oxide (quick lime) combines eagerly with water, 
great heat is produced, and calcium hydrate (slacked lime) 
is formed. When slacked lime is heated, water is expelled, ana 
quick lime once more obtained. 

Ca" O + H, = Ca" (H 0), ; 
and Ca'' (H 0). - H^ O = Ca" 0. 
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Formation of Salis, — Salts can be formed by a variety of 
processes, only a few of which can be specified here, with 
one or two examples of each. It mnst not be supposed that 
every process is practicable in all cases. 

1. By the action of metals on acids : 

H,S04+Zn" = Zn"S04+Hj. 

2. By the action of metallic oxides on acids : 

Ca"0 + 2HC1 = Ca"01,+ HsO. 

3. By the action of bases on acids : 

NaHO + HCl = NaCl + HjO; 

Ca" (H 0)2 + 2 H CI = Oa" CI, + 2 H> 0. 

This is the case before referred to. 

4. By the action of anhydrides on metallic oxides : 

SOs + NajO = Na,S04. 

5. By the action of anhydrides on bases : 

C0>+2NaH0 = Na^COa+H^O. 

It will be seen that in most of these reactions water is 
formed simnltaneonsly with the salt. 
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PART II. 
NON-METALLIO ELEMENTS. 



INTRODUCTION. 

The old distinction between organic and inorganic chemiBtry 
is fast fielding away. It was formerly believed that vegetables 
and animals had the power of producing in their organisms 
chemical compounds which could not be formed artificially 
in the laboratory. Vast niunbers of compounds were known 
which owed their origin directly or indirectly to the animal 
or vegetable kingdom, and which could not be obtained from 
any other source. To the department of chemistry which 
dealt with such compounds, the name '* Organic Chemistry " 
was very properly applied. But the progress of scientific 
research has taught us to manufacture a great number of 
these compotmds from inorganic materials, and there is 
therefore no longer any reason why they should be separated 
from other compounds in a general system of classification. 

The so-called organic compoimds have, however, one 
feature in common. They all contain carbon, and it is 
therefore convenient for purposes of study to retain them in 
a separate department of chemistry. Moreover, although 
some few carbon compounds enter into the composition of 
important minerals, a very large niunber of them bear some 
direct or indirect relation to the processes of life, and the 
term " organic " may therefore, in this limited sense, still be 
applied to them. It is only necessary to bear in mind that 
what is still generally called organic chemistry is but the 
chemistry of carbon compounds. In the present division of 
the book we shall say as little about it as possible. 
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A less important distinction is that which is commonly 
made between metallic and non-metallic elements. No 
exact definition can be attached to the word metal, no 
one property can be connected exclusively with it, and 
there is no line of demarcation that can be drawn between 
the two classes. We shall trouble ourselves very little 
with the precise meaning of the word metal, but shall use it 
in its current sense, and shall introduce the elements in the 
order which appears most simple and convenient, grouping 
them according to their atomicities (page 84). The present 
part contains an account of the elements generally classed 
as non-metallic. Fart III. is devoted to the metals, and 
Part IV. to organic chemistry. 
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CHAPTEB I. 

NON-METALLIO MONADS. 

(Hydrogen, Chlorine, Bromine, Iodine, Fluorine.) 

HYDROGEN. 

Symbol, H = 1. Formula, H,. 

This element in its chemical relations resembles the monad 
metals. It stands alone among the non-metals, and it mnst, 
for convenience, be stndied first. 

PBEFABATION. 

Hydrogen occurs in nature almost exclusively in a state 
of combination, but various means are known by which it 
can be set free and obtained in a state of purity. We have 
already seen that when a current of electricity from a 
tolerably powerful battery is transmitted through water, 
slightly acidulated with sulphuric acid, the water is decom- 
posed, oxygen goes to one pole of the battery and hydrogen 
to the other ; and both gases can easily be collected (p. 12). 
Many other compounds containing hydrogen will yield it np 
under similar treatment. 

The ordinary processes for preparing hydrogen almost all 
involve the use of some metal. A certain number of the 
metals have the power of displacing hydrogen from its 
combinations, either easily or with difficulty. For common 
purposes zinc or iron is used. 

Experiment 1. — Boil some water for fifteen minutes, that all 
the air contained in it may be expelled ; let it cool, and fill 
a bowl and a test-tube with it; close the latter with the 
finger, and invert the mouth of it under the water in the 
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bowl. Now fasten to a wire a piece of sodium, of the size 
of a small pea, and thrust it quickly under the mouth 
of the test-tube; the metal frees itself from the wire, 
and as it is lightec than water, it ascends into the tube, 
floating there with a rotatory motion ; a gas is evolyed from 
the water, and collects in the upper part of the tube. This 
gas is hydrogen. The metal sodium displaces one half of 
the hydrogen from water, in the manner shown in the 
following formula : 

2 HjO + Naj = 2 NaHO + H,. 

The compound NaHO is called sodium hydrate. It 
remains dissolved in the water, and may be obtained in 
a pure state if the water is evaporated off. Close the tube 
again with the finger, remove it from the bowl, and apply a 
light to the mouth, the gas will bum with a flash of Hght. 
This experiment proves hydrogen to be ^ combustible gas. 
Pour into the bowl some solution of litmus, which has been 
reddened with a drop of vinegar or other acid, the litmus will 
be immediately changed to blue, showing that sodium 
hydrate is one of the substances called hoses (pp. 50, 98). 

Eicperiment 2. — ^Lay a piece of blotting-paper on the 
surface of some water oontained in a saucer, and throw 
upon it a small piece of sodium, an energetic decomposition 
of the water will take place, and in a few moments 
the sodium will apparently burst into flame, and bum for 
some time with an intense yellow colour. This apparent 
combustion of the sodium is really due to the burning of the 
hydrogen, set free by that metal, which is inflamed by the 
intense heat which accompanies its evolution. This 
experiment differs only from the preceding one inasmuch as 
in the former case the hydrogen is collected, while in the 
latter it is burnt as it is liberated. The sodium hydrate 
may be rendered evident as before by the addition of red 
litmus solution to the water. 

Eocperiment 3. — Throw a piece of potassium on some water 
(the blotting-paper may be dispensed with in this case), the 
same effect as in the preceding experiment will occur, the 
water will be more violently decomposed, and the hydrogen 
— but apparently the potassium — will bum instantaneously 
with a beautiful violet flame. Potassium hydrate, KHO, 
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remaiDB in Bolntion in the water. It is a base like Bodium 
hjdntte. 

Experiment 4. — What aodinm and potaasinm accomplieh at 
ordinary temperatnreB, iron can do if it be heated to redness. 
Pass water in the form of steam, obtained by boiling the 
water in a flask, or a retort, throagh a red-hot iron pipe, 
as a gnn or gas barrel, containing small iron noils or wire. 
At this high temperatnro the iroti in the pipe nnites with 
the oxygen in the trater, forming a black oxide of iron, and 
the bjdrt^n is set free and maj be collected in the nuumer 
described below. The reaction is as follows : 
4SjO + 3Fe - FeA + 4Hj. 
The best means, however, for obtaining hydrogen is bj the 
decomposition of an acid by iron or some otlier metal, zinc 
being generally chosen for tiie purpose. 

CWfcdiW of Omes. — For collecting considerable qnantities 
of gaecB the following contrivance, called a pneamalic trough, 
may be used. Make a shelf ont of slate or a piece of Irad, 
from three to four inches broad, and .so long that it will rest 
about half way ap the doping sides of a pau or wash-hand 
basin ; cut a hole about half an inch in diameter throngh the 
centre of the dhel^ and having placed the latter in position, 
Fi(t 38. P***"" '"*'* ^^ P*"^ sufBcient water to 

cover it an inch deep. The shelf is 
for the pnnMMe of supporting the 
r vessel intended for the reception of 
the gae, which, filled with water, ia 
plac^ with its mouth exactly over the 
The gas to be collected is then 
delivered from a tube, the extremity 
of which ia placed directly under the mouth of the inverted 
vessel. The accompanying figure conveys an idea of the 
kind of apparatus required. 

EjeperimejU 6. — Put half an onnce of granvlated zinc ' in a 
bottle or flask, and pour over it a little water. No action 
takes place, but if a smoU quantity of sulphuric acid be 
gradually added, efferveBcence, and heating of the mixtnre 
will ensue. The effervescence is caused by the escape of 

n ladle or spoon, &a<J 




HTDBOGBN. 105 

hydrogen gas. Insert into the mouth of the bottle a cork, 
which has previously been perforated and fitted with a tube 
bent BO that the month of it may be conveniently placed 
beneath the hole in the shelf of the pneumatic trough.* 
Allow time for the hydrogen to displace the air contained in 
the flask and bent tube (two or three minutes is sufUcient if 
the effervescence is tolerably brisk). While the air is being 
expelled, preparation may be made for collecting the gas by 
filling several bottles quite full of water. One of the bottles 
is then closed with a smooth card or glass plate, and rapidly 
inverted in the pneumatic trough with its mouth directly 
over the hole in the shelf. The tube being then placed 
beneath, the gas will ascend and displace the water in the 
bottle. When the entire displacement is effected the bottle 
is corked or stoppered while still in tbe trongh, removed and 
replaced by another bottle, inverted in the same manner, and 
80 on until the evolution of gas ceases. 

There is one indispensable caution to be observed in 
experimenting with hydrogen, which is, not to begin to collect 
the gas wUil all the atmospheric air exuling in the fiaak has 
been expeUed, as otherwise an explosion might take place. 
To be quite safe, it is ae well to reject the first bottleful of 
hydrogen collected. 

FBOFBBTIES. 

Experiment 6. — Inflame hydrogen contained in a bottle, and 
immediately pour in some water. The water j,. gj, 
does not extinguish the flame, but rather in- ' 

creases it, since it rapidly forces the gas out of \-:' 
the flask. The gas does not bum in the interior ~ 
of the vessel, but only on the outside, where it it 
surrounded by atmospheric air. 

Experiment 7. — Open a bottle of hydrogen 1 
under an inverted tumbler, and, after a minute I 
or two, apply a lighted taper to the mouth of the I 
tumbler. Aflame will bnrstfortbfromthe tumbler 

* InBleed of a. rigid glasa tube, it is more convenient for this and 
similar purpoees to narry the gaa to the pneumatic trough by means of 
a piece of india-rubber tubing, of about one-eiglith of an incli internal 
diameter. It may be slipped over a short piece of glaaa tubing wbich 
pusea throDgh the cork. 
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with a Blight report. The gaa has ascended &om the bottle 
into the tumbler, and is consequently lighter than conunon ab. 
In this experiment the lower vessel maet not be immediately 
exposed to the lighted taper, becaose, if all the hydrogen is 
not displaced, an explosion might ensae that might break 
the bottle ; bnt if the taper be applied after ten minntes 
have elapsed, the bottle will be found no longer to contain 
any combustible gas, the gas having entirely escaped. 

Hydrogen is the lighted at aU gases. Its specific gravify 
is 1, and 14^ measures of it weigh only as much as one 
measure of atmospheric air. On accoont of this iightuees, it 
may be used for filling balloons. 

Ea^aerimetU 8. — If, instead of the glass tube, a piece of 

Fiff 40 t^l^Ksoo-pilw be adapted to the cork of tiie flask 

trom which hydrogen was evolved, and the gas 

1^ then lighted, it will bum like a taper. To kindle 

I the gELB, instead of a match or a taper, very finely 

^ divided platinum may be employed. This can be 

^^^ prepared in a few minutes by dropping a solution 

Affj^^ of platinum chloride on blotting-paper, attaching 

■jjH it to a wire, and igniting it over a' spirit-lamp, 

Hf^H till nothing but a grey coherent ash remains. 

H ^HA^IiB platinum is thus reduced to an extremal; 

U/^Mm minute state of subdivision, and in this state it 

^^^^^ exhibits the remarkable property of igniting in 

hydrogen and inflaming it. It is called epongy platinum, 

and is employed as tinder in the well-known JDMereiner^i 

lamp. 

The apparatus here represented consists of a flask, 
having the bottom broken ofT, and to the neck of which the 
cover of the glass vessel, c, with the cock, e, is fastened air- 
tight. A piece of zinc is suspended in the flask by means of 
a wire. If diluted sulphuric acid is now poured into the 
vessel, e, upon which the cover with the flask attadied is 
placed, then, the cock being opened, that the air contained 
in the flask may be displace by the acid from beneath, 
hydrogen is immediately evolved by the contact of the zino 
with the acid, which hydrogen must be collected in the flask 
by closing the cock, e, the acid being thereby forced into 
the exterior vessel, until it no longer toui^es the zino. 
V^goa opening t^e stop-cock, e, the gas issues £rom the fine 
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jet, and is directed against the spongy plAtinnm, /. As the 
gBB escapes, the eulphnric acid passes 
again into tjie interior vessel, and gene- 
rates fresh hydrogen npon reaching the 
zinc. Spongy phttinum possesses, in a I 
high degree, the power of absorbing 
oxygen and condensing it within its 
pores ; if hydrogen be then presented to 
it, these two gases will be bronght into 
Bueh intimate contact, by the powerful 
force of attraction, that they. will chemi- 
cally combine to form water, and the 
heat thus liberated is sufGcient to ignite \ 
the platinum tinder, and to inflame the 
gas, which Bubseqaently iesnes from the jet. Many aeriform 
bodies, which do not freely unite with each other, can be 
forced to combine by means of spoi^iy platinnm. 

JJ^peWmenf 9.— To observe the remarkable lightness of 
hydrogen, a small balloon of gold-beater's skin may be filled 
with hydrogen by means of the apparatus naed in Ex- 
periment 5. The balloon is squeezed flat to expel tiie air, 
and the tube deKvering the gas is passed a short way into 
its orifice, and seemed there with a piece of thread. When 
the inflation is complete, the tube is withdrawn, and the 
twine tightened simultaneously, thus preventing any escape 
of gas. The balloon, if unimpeded, will then ascend to a 
great height. It may be made captive with a piece of 
thread. 

^c^iiaeai 10. — Potnr the contents of the flask in which 
the hydrogen was generated (Experiment 5) into a porce- 
lain dish, boil until they are reduced in bulk to one-half or 
thereabouts, and filter them (page ^9). A black residue 
vrill remain on the filter, which consists of the impurities 
contained in the zinc; the zinc itself has been dissolved, 
and has been converted into a mli (page 97), called zinc 
snlphate, which, on the cooling of the solution, is deposited 
in colourless crystals. The reaction which takes place 
between zinc and sulphuric acid is represented by the 
following equation : 

Bolphark Acid. Kdc Zinc Snlphite. Hydrogen. 

H^SO.) + Zn = Zn(SO() + H^ 
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CHLORINE. 
Symbol, CI = 35-5. Formula, CI,. 

Chlorine ie one of a group, the membeFs of which are 
characterized by a remarbible similarity of chemical 
properties. It ooneiste of the elemente chlorine, bromine, 
iodme, and fluorine, the three first of which are often 
t«imed halogent (from oA^ sea-salt), in allusion to their 
marine origin. 

Chlorine is a greenish-yellow gas, 2^ times heavier 
than air, soffocatiag and irreepirable unless very much 
diluted widi sir. Ite odour, when very dilute, is somewhat 
like that of sea-weed, a peculiarity which it sharee with the 
other halogens. Chlorine occnrs only in combination; 
chiefly with sodium as common salt (sodium chloride, 
NaGl), which forms immense deposits in England and else- 
where, and is the chief ingredient of sea-water. 

FBEPAB&TION. 

Ea^erimenl 1. — Four one onnce and a half of hydrochloric 
acid upon a quarter of aa ounce of finely-powdered black 
oxide of manganese, and heat it gradnaUy in a flask, to which 
p- ,2 i^ adapted a bent glass tube ; 

a yellowish^reen gas is dis- 
engaged, which is collected by 
the process already described. 
The pneumatic tiongh is, how- 
ever, filled with warm water 
instead of cold. This gas is 
chlorine (from xXiiipo^, green). 
Fill with it several eis-onnce 
bottles of white glass, and 
' cork them np. ' Fill, likewise, 
a bottle with two-thirds of 
chlorine and one-third of water, 
and shake it up ; suction ia 
exerted upon a finger which closes the mouth of it, — a proof 
that a vacuum has been produced. If the finger be removed, 
the air inunediately rushes in. This vacuum was caused by 
the chlorine having dissolved in the water, which mi^t be 
inferred also from the disappearance of the yellow colour 
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from tlie upper part of the bottle. One measure of cold water 
dissolves two measures of chlorine. This solution is called 
chlorine water. 

The mode in which chlorine is formed in this experiment 
is shown in the foUowing formula : 

Manganese Manganese 

• Peroxide. Chloride. 

MnOa + 4 HCl = Mn CI, + 2H2O + CI2. 

When the evolution of gas has quite ceased the liquid in 
the flask may be filtered and evaporated, when it will yield 
on cooling pink crystals of MnCla. 

Experiment 2. — Chlorine may also be prepared from 
common salt by mixing three quarters of an ounce of it with 
half an ounce of black oxide of manganese, two ounces of 
sulphuric acid, and one ounce of water, and heating the 
mixture: 

Sodium Manganese Snlphnrlc Sodittm Manganese 

Chloride. Peroxide. Acid. Sulphate. Sulphate. 

2 NaCl+MnO,4- 2 H^SO* = Na2SO,+MnS04+2 H, + Cl^ 

Chlorine acts as a poison on being inhaled; hence, care 
must he taken not to inhale it while preparing it. For greater 
security, pour some drops of alcohol and ammonia upon a 
cloth and wave it frequently in the air ; the chlorine contained 
in the air will then be so altered that it will lose its injurious 
properties. 

PROPERTIES. 

. Experiment 3. — In order to recognise the odour of chlorine, 
smell chlorine water (but not the gas) cautiously; the 
chlorine water may be tasted also without danger. 

Experiment 4. — If a flask containing chlorine gas be ex- 
posed to the air for a short time, no diminution of the chlorine 
will be perceptible ; but if the flask be inverted it will soon 
contain only atmospheric air. Chlorine is two and a half 
times heavier than common air, and may be easily poured 
from one vessel to another like water without material 
waste; its specific gravity is 36'5 (H = l). 

Experiment 6. — Introduce a piece of litmus-paper into 
chlorine gas, and it becomes white; pour chlorine water 
upon red wine, or ink, and both the liquids will lose their 
colour. Chlorine bleaches and destroys most colours derived 
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from, the animal or vegetable kingdom. In consequence of 
this property, chlorine has become a most important agent 
in bleaching ; and linen, cotton, paper, and other materials, 
may be rendered perfectly white by it in a few hours; 
while, by the old method of laying them on the grass in the 
sun, weeks, and even months, were required for effecting it. 
Substances called antichhrs are sometimes used to remove 
the last traces of chlorine. Sodium hyposulphite is the most 
powerfuL The modem method of bleaching is very excellent, 
and does not in the least injure the strength of the fabric, 
provided all the chlorine be completely removed after the 
bleaching is finished, which is not so easily done as might be 
supposed. If this precaution is not observed, or if the 
chlorine water is too strong or in excess, then, indeed, after 
the colour is destroyed, the fibres of the yam or fiabric itself 
will be attacked. The substance commonly called chloride 
of lime is now used instead of chlorine. It is a salt from 
which chlorine is easily disengaged, even by mere exposure 
to the air. 

JEac^periment 6. — Apply chlorine water to decaying and 
nauseous substances (water in which flowers have been kept, 
manure, rotten eggs, &c.) ; the bad odour will at once entirely 
vanish. Thus it not only decomposes colours, but also the 
wlatile combiTuUions formed during putrefaction, and which 
occasion disagreeable odours. It acts in a similar manner 
also upon morbific matter (matters of contagion, miasmata), 
which, being diffused in the air or attached to clothes and 
beds, may communicate disease. Chlorine is, therefore, a 
powerful disinfecting agent, and is used for purifying all 
putrefying matter and infected atmospheres, and for arresting 
the decay of organic substances. Musty casks may also be 
purified by washing them first with chlorine water, and then 
with some itiilk of lime. Mouldy cellars, in which milk or 
beer cannot be kept without turning sour, are again rendered 
serviceable for a long time by fumigating them with chlorine 
gas, or by washing them with chlorine water, or a solution of 
chloride of lime. 

Experiment 7. — Fill a small bottle with chlorine water, 
and invert it in a vessel filled with water ; if this is put away 
in a dark place, it remains unchanged ; but if it is exposed to 
the sun, a colourless gas will collect in the upper part of the 



flask, in which a glowing taper will inflame ; this gas is 
oijgen. After some daye the water will entirely lose its 
odour of chlorine, and will have acquired a sour taste, and 
instead of bleaching blue litmus-paper, it will redden it. 
Three elements only were present, the constituents of water 
and chlorine ; thus it is obvious that the chlorine must have 
united with the hydrogen of the water to form hydrochloric 
acid, the oxygen being set free : 

H,0 + Cl, = 2HCl + 0. 

Bottles ID which chlorine-water is kept should, therefore, 
be protected from the light, and this can be most conveniently 
done by pasting black paper round them. 

The bleaching and disinfecting power of chlorine is now 
easily explained by its strong af^ty for hydrogen. All 
animal and vegetable substances contain hydrogen, which is 
taken from tbem by chlorine. But if a single chemical 
pillar falls, the whole chemical structure tumbles with it. By 
the abstraction of the hydrogen, the colouring matter becomes 
colourless, the odorous principles scentless, the morbiflc 
matter innoxious, insoluble substances are very frequently 
rendered solnble, &c. 

Experiment 8. — Provide two bottles of chlorine, and place 
in one of tbem some dry calcium chloride. This salt eagerly 
abeorbe water, and will thoroughly dry any gas in contact 
with it. In a few hours introduce a piece of blue litmus- 
paper into the dry chlorine ; no change in the litmus will be 
apparent, or, at most, it will be but slightly reddened. 
Perform the same operation in the other bottle, and the 
litmus-paper will be rapidly bleached; proving that the 
presence of water is necessary to enable chlorine to exert its 
power in this respect, 

Experiment 9.^ Put into chlorine water some gold-leaf ; 
it will soon disappear, as the element chlorine combines 
with the element gold. The ocanbination is colled auric 
chloride ; it is soluble in wat«r. Chlorine has a very great 
(eniJency fo combine trith Ike metaU. These combinations com- 
port themselves as salts ; they are called ^etaUic cldorideg, 
and most of them are solnble in water. 

Experiment 10. — Pour into a vessel filled with chlorine gas 
a little metallic antimony, in fine powder ; it will fall in a 
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red-hot state to the bottom, as though it were a shower of 
fire. The red heat is caused by the violent combination of 
the chlorine with the antimony. The white smoke which 
fills the flask is the new combination formed, viz., antimordc 
cMoride. If a fine brass wire, on which a piece of tinsel has 
been fastened, be introduced into chlorine gas, both will 
bum with vivid combustion, and with the emission of 
fumes. Here combustion is another name for combination 
with chlorine. Brass consists of zinc and copper ; accord- 
ingly, chlorides of zinc and copper are formed. Both 
dissolve in water, and the copper chloride imparts to the 
solution a green tinge. 

Experiment 11. — If a piece of sodium of the size of a pea 
is thrown into a cup containing chlorine water, it will move 
rapidly round, just as in common water, with a hissing noise, 
and finally disappear; but if a sufficient quantity of the 
chlorine was present, the liquid will not afterwards give a 
basic reaction, as in Experiments 1 and 2, Hydrogen ; neither 
will it have an alkaline, but a saline taste. If allowed to 
evaporate gradually over a warm stove, small cubic crystals 
remain behind, the constituents of which are chlorine and 
sodium. Thus, from these two elements a salt has been 
formed, familiarly known as common salt, NaCl. 

Chlorine, like oxygen and sulphur, often unites in several 
proportions with a substance. Thus, there are two different 
chlorides of mercury. 

HYDBOGHLOBIC ACID, HCl. 

Experiment 1.— Put into a porcelain capsule a few grains of 
common salt, and pour a little sulphuric acid upon it ; there 
escapes, with effervescence, a gas, which has an acid taste, fumes 
in the air, and reddens moistened blue test-paper ; 4iliis gas is 
muriatic acid, or hydrochloric a>cid. If you pour some ammonia 
upon a shaving, and wave the latter to and fro over the cap- 
sule, a thick white smoke is formed ; andHhe odour of both the 
hydrochloric acid, and also the pungent fumes of the ammonia, 
vanish. The two gases combine and form solid ammonium 
chloride : 

NHs + HCl = NH,C1. 

Experiment 2. — Mix carefully in a flask a quarter of an 
ounce of water with three-quarters of an ounce of sulphuiio 
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acid, and after the miztme has become oold, add to it half ao 
ounce of common salt. Adapt to the neok of the flask a cork 

Fig. iS. 



provided vith a glaes tube, the long limb of which passes 
into a phial, containing one onnce of water. If you heat the 
flaak in a sand-bath, the hydrochloric acid eecapefl, bat more 
qnietly than in the former experiment, becanse the enlphnric 
acid has been somewhat diluied. The tnbe mnst only jnst 
dip into the water ; for shoold it reach to the bottom of the 
phial, the whole liqnid might suddenly flow back into the 
flask, if the heat should chance to elackon, aa it might, for 
instance, &om the flickering of the lamp by an accidental 
current of air. The hydrochloric acid is so eagerly absorbed 
by the water, that, when the evolution of the gas dimimshes, 
a vacuum is formed in the tnbe and flask ; the pressure of 
the exterior air then forces the water up into the flask 
(page 54). When a gaseous body condenses into a liqnid, it 
no longer requires the latent heat by which it became gas or 
vapour, and therefore this beat is set free. From ^s it 
follows that the water in which the muriatic acid condenses 
«r dlBsolves must soon become warm. Bat warm water takes 
np much less gas than cold ; accordingly, in order to obtain 
a concentrated solution of hydrochloric acid gas, we must 
jdace the phial in a basin of cold water. When the liquid 
in the receiver has sufSciently increased, one of the blocks 
mnst be withdrawn from beneath, so as to keep the end of the 
tnbe near the surface of the liquid. The solution thus 
obtained has an intensely acid taste and reaction ; it is called 
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hydroclUoric and, bnt ie often known b; the name of muriatic 
add. One measure of water absorba more than four hundred 
meaenrea of hydrochloric acid gas ; the etrong hjdrochlorio 
acid thus obtained fames in the air, becanae a part of the gas 
escapee. If you heat it to boiling, then half of it escapes, 
and an aeid only half as Btrcmg remams behind ; but thm ia 
always somewhat heavier than water. 

The hydrochloric acid of commerce is commonly yellow, 
and contaminated with anlphurona acid, snlphuric acid, 
chlorine, iron, and araenic. It is mannfactnred from 
common salt and snlphuric acid ; but, inatead of glass 
vessels, lai^ iron cylinders are employed, capable of 
containing some hundredweights of common salt, llie gae 
is condncted into several bottles or jars filled with water, 
and connected with each other. When the water in the first 
Teasel becomes saturated with the hydrochloric acid gaa, 
the gas passes over into the second, then into the tMrd 
TOBSt^ and so on, saturating each saccessively. This is a 
Plg_ 44_ very convenient method of 

conducting gaees thioi^;h 
liquids. Such vessels, which 
e commonly provided with 
'o or three necks, are called 
Wcndfe'a bottlea. The up- 
right tube in the middle 
i neck serves as a safety tube, 
' that is. it prevents the liquid 
from being forced bat^ ; if a vacuum ia filled in cme of the 
bottles, the air enters through this tube. 

Experimeid 3. — If instead of dipping into water,* the 
delivery-tnbe is passed to the bottom <a a dry bottle, the 
heavy gas will displace the air, and fill the bottle. Its 
solubility may then be shown by inverting the bottle quickly 
in water. The water will ruah up and fill the bottle. 

Common salt consists of chlorine and sodium. \\'ith 
snlphuric acid the following change takes place : 

Sodium Ealphoili: SadJDBi Bjrdincfalnrte 

CbkHHIe. Add. Sulphuc. AdJ. 

NaCl + H.C80,) = Na,{SOJ + 2HC1. 
The constituents of hydrochloric acid gaa are equal atoms of 
chlorine and hydiogen, and it is represent^ by tho formula BCL 
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If you fiU a glass vessel half with chlorine and half with 
hydrogen, and put it in a dark place, no union ensues ; but 
it takes place instantaneously when a light is applied or 
when the vessel is exposed to the direct rays of the sun. 
The union is accompanied by a violent detonation, which 
often breaks the vessel, so that it is not advisable to perform 
this experiment except on a very small scale. In the dif^ 
fused light of day the combination takes place slowly. 

Experiment 4. — Put some iron nails into a phial, and pour 
upon them some hydrochloric acid ; brisk effervescence will 
ensue. When this has continued some minutes, hold a 
burning taper over the mouth of the phial ; the gas which 
escapes takes fire ; it is hydrogen. The acid is decomposed, 
and its second constituent, chlorine, combines with the iron. 
The iron disappears, and is dissolved ; that is, it combines 
with the chlorine, forming a soluble compound. When the 
effervescence has ceased, heat the phial by placing it in hot 
water, and afterwards pour its contents upon a filter of 
white blotting-paper. Put the liquid which passes through 
{pie filtrate) in a cool place; a salt is deposited from it in 
greenish crystals, called ferrous chloride, FeCl«. 

Many other metals are also dissolved, like iron, by muriatic 
acid, and converted into chlorides. 

Experiment 5. — Pour some muriatic acid upon iron-rust 
that has been put into a test-tube ; it dissolves, but without 
evolution of gas. In this case, the hydrogen of the hydro- 
chloric acid meets with a body with which it can combine, 
namely, the oxygen of the oxide or rust of iron; and it 
does combine with it, forming water. The yellowish brown 
solution, which it is difiicult to crystallise, yields, upon evapo- 
ration, a brown mass called /erne chloride, FeaClg. This salt 
contains one half more chlorine than the former. Hydro- 
chloric acid is very often used for dissolving metallic oxides. 

Experiment 6. — Dissolve some crystals of the protochloride 
of iron, obtained according to Experiment 3, in a little water, 
and then add some chlorine water; the greenish colour is 
converted into a yellow colour, and the solution yields, on 
evaporation, brown ferric chloride. The chlorine converts 
the ferrous chloride into ferric chloride. 

Experiment 7. — Dissolve some carbonate of soda (sodium 
carbonate) in water ; the solution turns red test-paper blue ; 
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it Las a basic reaction. Drop carefally into the solution 
some hydrochloric acid, until neither the red nor the blue 
paper is affected by it. If yon put the liquid in a warm 
place a salt will be deposited in small cubes ; you readily 
perceive, both by the shape of the crystals and by the taste, 
that it is common salt. Carbonic anhydride escapes with 
effervescence. 

Enc^eriment 8. — To a little water in a test-tube add a drop 
of hydrochloric acid or a grain of a soluble chloride, such as 
common salt, and then a few drops of a solution of silver 
nitrate (lunar caustic) ; a white cloujliness is formed which 
does not happen in pure water. This cloudiness or precipitate 
is due to the formation of silver chloride, which is insoluble 
in water, but it may be dissolved by adding some soltUion of 
ammonia. Nitrate of silver is a most accurate test for 
hydrochloric acid or for chlorides : 

AgNOj + NaCl = AgCl + NaNOi. 

BROMINE. 
Symbol, Br = 80. Formula, Br,. 

Bromine is a deep brownish-red, heavy, and very volatile 
liquid. Its name is derived from the Greek word jSpco/Aos, 
signifying a disagreeable odour. Bromine, at common 
temperatures, emits yellowish-red fumes, which have a pene- 
trating and offensive odour, resembling that of chlorine. It 
produces a yellow colour with starch, is sparingly soluble 
in water, but very soluble in ether. Its specific gravity is 3. 

Bromine occurs in many mineral waters, some of which, 
as the Kreutznach spring, are comparatively rich in it, and 
form the source from whence it is obtained on the Continent. 
But in this country the chief supply is derived from sea- 
water. A large quantity of common salt is obtained by 
evaporating sea-water, and it is from the residual liquid, 
which is technically called hittem, that bromine is obtained. 
The bittern is mixed in a retort with manganese peroxide, 
and hydrochloric acid. On the application of heat the 
chlorine liberated from the acid decomposes the magnesium 
bromide contained in the bittern, and bromine, mixed with 
water, distils over : 

MgBr, 4 CI4 = MgCla -I- Br,. 
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The bromine is separated from the water by shaking it with 
ether. The ethereal solution, which has a brown colour, floats 
on the water and can be drawn off. The bromine is then 
extracted by a somewhat complex process. 

Eocperimmt 1. — The processes for the preparation of 
bromine may be imitated by the student by dissolving a few 
grains of potassium bromide in a little water contained in a 
long test-tube; this may represent the bittern. A little 
chlorine water will liberate the bromine, and the solution 
will become brown. If a drachm or two of ether is then 
added and the mixture, violently shaken for a minute, the 
ether will remove all the bromine, and on standing a little 
while will float as a dark layer on the sur&ce of the 
water. Pour off the dark-coloured ether into a porcelain 
basin, and add a few drops of potassium hydrate (caustic 
potash); it will become colourless. Heat it gently imtil 
all the liquid is driven off and a white substance will remain 
behind, which on cooling may be mixed with a few grains of 
manganese peroxide, and two or three drops of sulphuric 
acid, and again heated. Free bromine will then be evolved 
as brown vapours, very readily seen against the white sides 
of the basin. 

Experiment 2. — ^Pour a few drops of bromine into a small 
phial with some distilled water, and shake the mixture 
welL The bromine will partly dissolve and form a brown 
solution. This may be preserved and labelled "Bromine 
solution." 

Experiment 3. — Add a few drops of the above solution to a 
little very weak mucilage of starch, made by mixing a few 
grains of starch with a litUe cold, and then adding a consider- 
able quantity of boiling, water with continual stirring. A pale 
yellow colour will be produced, owing to the formation of 
bromide of starch. 

Experiment 4. — To a drop of bromine contained in a 
wine-glass add a minvte fragment of phosphorus, which 
must be cut off under water, as it is very inflammable, 
and carefully and quickly dried in a piece of blotting-paper. 
The best plan is to drop the phosphorus from the point of a 
knife on to the bromine. The phosphorus will be im- 
mediately inflamed, and a smart explosion will occur. 
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IODINE. 

Symbol, I = 127. Formula, Ij. 

Iodine is a black solid of metallic lustre ; it smells somewhat 
like chlorine, has a pungent taste, and stains the skin brown. 

It occurs in small quantity in sea-water, from which it is 
separated and assimilated by the yarious sea-weeds, which 
thus accumulate a considerable quantity ; and it is from the 
ashes of certain kinds of sea-weeds that iodine is always 
obtained, for sea-water contains much too small a quantity to 
render its extraction profitable. The sea-weed is burnt and 
the ash/ or Tcelp, as it is called, contains the iodine in the 
forms of magnesium iodide, Mgls. and sodium iodide, Nal. 
The kelp, after some preliminary treatment, is heated with 
black oxide of manganese and sulphuric acid, and yields 
iodine just as the chlorides or bromides yield chlorine and 
bromine respectively when treated in the same way. 

Experiment 1. — To a few grains of potassium iodide, or 
some other iodide, in a test-tube, add an equal weight of black 
oxide of manganese, and a drop or two of sulphuric acid, 
and heat gently. Beautiful violet vapours of iodine will be 
produced, and will condense on the sides of the test-tube 
as black, shining spangles. The following change occurs : 

2KI + MnOa -f 2H,S0, = K,80, -f MnSO^ + 2H,0 + I,. 

Experiment 2. — Dissolve a grain or two of potassium 
iodide in a little distilled water in a test-tube, and add a 
little solution of silver nitrate. A light yellow precipitate 
(silver iodide) will be thrown down, which will not be re- 
dissolved on the addition of solution of ammonia, thus 
clearly distinguishing it from the similar white precipitate 
obtained with chlorides. 

Ea^eriment 3. — Put 24 grains of iodine into a flask, and 
pour over them haK an ounce of strong alcohol ; if the iodine 
is pure it will entirely dissolve. This dark brown solution 
is called tincture of iodine. Water dissolves only a trace of 
iodine, but yet is rendered yellow by it. 

Experiment 4. — Put a little iodine upon a knife, and hold 
it over the flame of a lamp ; the iodine melts, and is after- 
wards converted into a violet-coloured gas — vapour of iodine. 
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As the iodine fumes are nearly nine times heavier than 
common air, they sink in it. Iodine owes its name to the 
colour of its vapour, the Greek word lu>&ry: meaning violet' 
coloured. The vapour appears more beautiful when the 
iodine is heated in a small flask. After cooling, the walls of 
the flask become lined with small brilliant crystals of solid 
iodine, affording an example that regular crystals may be 
formed when bodies pass from the aeriform into the solid 
state. 

Experiment 5. — Boil one grain of starch in a test-tube 
with one drachm of water, and add to the thin paste thus 
obtained a few drops of tincture of iodine ; the iodine combines 
with the starch ; the combination is of a deep blue colour. The 
blue colour disappears on careful heating, but returns again 
on cooling. . If one drop of the starch paste is mixed with 
one quart of water, even at this extreme dilution, the iodine 
tincture will impart to it a violet tinge. Consequently it is 
an exceedingly delicate test for detecting starch, and starch, 
on the other hand, for detecting iodine. If a little tincture 
of iodine is dropped upon flour, bread, potatoes, &c., the pre- 
sence of starch in these substances will at once be indicated. 

COMPOUNDS OF BBOMINB AND IODINE WITH HYDBOGSN. 

Ilydrobromic Add, HBr, and Hydriodic Acid^ HI. — ^Both of 
these acids closely resemble hydrochloric acid. They are 
colourless gases, which fume strongly in air, and are readily 
soluble in water, forming acid solutions. With bases they 
form iodides and bromides : 

KHO + HBr = H.O + KBr. 
KHO + HI = H2O + KL 

• 

Both bromine and iodine are faithful companions of 
chlorine ; wherever common salt occurs, whether in the 
earth, the sea, or mineral springs, small quantities of them 
are present, not in a free state, however, but combined with 
metals. The different sea-weeds attract these combinations 
from the sea-water, and from these sea-weeds iodine and 
bromine are extracted. Both have poisonous properties. 
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FLUORINE. 

Symbol, P = 19. Fonnula unknown. 

Fluorine is unknown in its isolated state. When liberated 
from its compounds it acts energetically on all substances of 
which vessels are ordinarily made. The mineral known as 
fluor-spar consists of fluorine and calcium. 

Hydrofluoric Acid, HF. 

Ea^periment 1. — Fashion a small basin out of a piece of 
thin sheet lead, place in it about a quarter of an ounce of pow- 
dered fluor-spar, and half an ounce of strong sulphuric add, 
and apply a gentle heat. Fumes of hydrofluoric acid will 
arise, which are extremely irritating to the eyes, and which 
resemble those of hydrochloric acid. Fluornspar (calcium 
fluoride) is decomposed by sulphuric acid just as common 
salt is : 

CaFa 4- HjSO* = CaSO* + 2HF. 

Hydrofluoric acid is intensely corrosive, and it attacks and 
destroys glass aivd earthenware and most other materials. 
But it does not act upon lead ; therefore vessels made of that 
material must be used to prepare it in. The most inters 
esting property of hydrofluoric acid is its power of corroding 
glass, and it is often used in the arts to etch designs upon 
glass, which is done in the following manner. 

Experim&nJt 2. — Thoroughly warm a small square of 
window glass, and then rub over one side of it with a piece 
of wax, so as to make a smooth coating. When the glass 
has become cold and the wax hard, scratch any design with 
a pointed instrument on the coated side of the plate, taking 
care to cut quite through the wax. The glass plate thus 
prepared is then laid with the waxed side downwards, so as 
to cover the leaden basin in which the hydrofluoric acid' is 
being prepared as directed in Experiment 1. 

If, after being exposed to the acid fumes for a few minutes, 
the plate is removed and cleaned from the wax with a rag 
and a little turpentine, it will be found corroded wherever 
the marks have been made, and the design will remain 
engraved on the glass. 
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CHAPTEE II. 

NON-METALLIO DIADS. 

(Oxygen, Sulphur, Selenium, Tellurium.) 

OXYGEN. 

Symbol, = 16. Formula, Og. 

Oxygen is the most abundant of the elements, for it is pro- 
bable that not less than two-thirds of all that portion of our 
globe which is known to us consists of it. About one two- 
billionth part of this oxygen exists in the atmosphere in a 
free, or uncombined state ; the remainder occurs in combina- 
tion with various other elements. It constitutes eight-ninths 
of the weight of water, and about one-half of the weight of 
the chief rocks, and it is an important constituent of all 
animals and vegetables. 

In the pure state it is a gas of specific gravity 16, that is, 
about one-tenth heavier them common air. It is colourless, 
tasteless, and inodorous, and is very slightly soluble in 
water. Its compounds are called oxides^ and oxides of all 
the elements, except fluorine, are known. The gas is mag- 
netic ; for a balloon filled with it is attrapted by the poles 
of a powerful magnet. 

Oxygen cannot easily be prepared from air, and in the 
great majority of its most abundant compoimds it is held in 
combination by a force too strong to be easily overcome ; 
but a pertain number of oxygen-compounds are known, which 
are so unstable, that either by heat, or by some other agency, 
the element may be displaced and collected in a pure state. 

PBEPABATION. 

Oxygen was first prepared by Dr. Priestley, in 1774, from 
mercuric oxide, by the process already described (page 61). 
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It is also obtained when water is decomposed by electricity 
(page 12). 

Eocperiment 1. — Into the same apparatus that was nsed for 
heating mercuric oxide, introduce 100 grains of potassium 
cMorate, and heat it carefully with the spirit-lamp. The salt 
will soon melt, and afterwards boiL As soon as the boiling 
commences the flame must be lowered, to preyent the mass 
from frothing over. When the liquid thickens, if some of 
the substance should be found adherent to tibe colder parts of 
the tube, approach it with the flame of the lamp until it 
is again melted down. The gas may be collected oyer the 
pneumatic trough, just like hydrogen ; but when it ceases to 
come ofl^ the delivery tube must immediately be removed 
from the water. 

Instead of using pure potassiimi chlorate, it is much 
better to mix the salt with about haK its weight of carefully- 
dried manganese peroxide. The oxygen is then given off at 
at a lower temperature and more easily, but the manganese 
peroxide remains unaltered after the experiment. 

The following equation shows the change which takes 
place in this important reaction : 

Potasslnm Potassium 
Chlorate. Chloride. 

2KC10. = 2K CI + SOa. 

Potassium chlorate contains for every one hundred grains 
nearly forty grains of oxygen chemically combined ; by the 
application of heat, these become free and escape. Mercuric 
oxide contains nearly eight per cent, of oxygen ; therefore 
the former will yield five times more oxygen than the latter. 
If phials of twelve ounces* capacity are selected for receiving 
the gas, we shall be able to fill five of them, and shall have 
in each about eight grains, or nearly twenty cubic inches, of 
oxygen. 

Potassium chlorate may, under some circumstances, as 
when strongly rubbed, or treated with sulphuric acid, occa- 
sion very dangerous explosions ; but no danger is to be appre- 
hended from the application of it in the manner above di- 
rected. 

Experiment 2. — Add warm water to the salt remaining 
in the test-tube after the expulsion of the oxygen, and place 
the tube in a warm place until the salt is dissolved ; evapo- 
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rate the solntion gradually, when small cubic crystals of 
potassium chloride will be deposited. The potassium 
chlorate crystallises in thin tables or plates, the heated mass 
in cubes ; this difference in the form of the crystals in- 
dicates that, by the heating of the former, an entirely new 
salt is formed. It is indeed one which no longer contains 
oxygen. 

Oxygen may also be prepared by the following processes, 
which, howeyer, are less convenient on the small scale than 
the foregoing : 

1. By heating manganese peroxide to redness in an iron 
tube closed at one end : 

SMnOg = MugO^ + O2. 

2. By passing the vapour of sulphuric acid through a red- 
hot tube : 

Sulphurous 
Sulphuric Acid. Anhydride. 

21^804 = 2 H2O + 2 SO2+ O2. 

The sulphurous anhydride may be absorbed by passing 
the gas through lime. This, on the large scale, is the 
cheapest process for preparing oxygen. 

PROPBRTIES. 

Experiment 3. — Introduce a glowing shaving into a bottle 
of oxygen ; it will kindle and burn for some time with great 
brilliancy and with a very dazzling flame, and then be extin- 
guished. The same takes place when a piece of lighted 
tinder is fastened to a wire and suspended in the oxygen ; 
the tinder burns with a lively flame, while, as is well known, 
it merely smoulders away in the open air. Oxygen, at a 
high temperature, combines eagerly with the component 
parts of wood and tihder, and heat and light are developed. 
When the combination is ended, and the oxygen is consumed, 
the combustion ceases. The product of the combustion, 
that is, the combination of the wood with the oxygen, is also 
aeriform; but burning substances are extinguished in the 
newly-formed gas. If the bottle be rapidly whirled round, 
the gas formed by the combustion will escape, and atmo- 
spheric air will supply its place. Air contains free oxygen ; 
and a kindled shaving will bum in it for some time, but 
far slower and less briskly than in pure oxygen ; because 
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oommon air oontains only one-fifth part of oxygen. Accord- 
isgly, combnation proceeds much more rapidly and violently 
in oxygen than in atmospheric air. 

£n)enmenf 4. — Faeten a piece of charcoal to a wire, and 
kindle it in the flame of a lamp, and then introdnoe it into 
a bottle of oxygen ; it will bnm very vividly, and, if the 
charcoal had much bark on it, with b^ntifnl Bparks. If a 
piece of moistened bine litmns-paper be introdnced into the 
bottle, after the combnation, it will be reddened; conee- 
qnently an acid oxide has been formed from the charcoal and 
the oxygen ; it is called carhonie tmkydride. Ponr into the 
bottle a little lime-water (which is prepared by shaking 
slaked lime with water for a short time and filtering). The 
clear lime-water becomes milky from the formation of the 
insolnble calcimn carbonate. This is a good lest for car- 
bonic anhydride. 

Pjg 45 £ayertmcni 5. — If some pieces of snlphnr are 

&Htened to a longer wire, kindled and sus- 
pended in a second bottle, they will born with 
a beantifol bine flame. The gas formed from 
this union of Bolphor and oxygen has a very 
irritating odour ; when dissolved in water, it 
Ukewise turns litmus-paper red, and conse- 
qaently it is of an acid nature. It is called 
tulphtrout anhydride, 
ExperimetU 6. — Take a small piece of phosphorus, which, 
on acooimt of its inflammability, mast be cut 
Fig. 46. off under water from the stick, and place it, 
I / after it has been well dried between blotting- 
/ paper, in a scooped-ont piece of chalk. Fasten 

-^jlZ^f-^ the latter to a wire, and introduce it into a 
*|n2| third bottle of oxygen. AfGx the wire to a 
KItB cross piece of wood, so that the chalk may 
K^*l bang a little below the centre of the bottle. 
V^^ If the phoaphoms be now touched with a hot 
wire, it will kindle and bnm with a dazzling 
brilliancy, filling the bottle with a thick white smoke. Thia 
smoke consists of a chemical compound of oxygen and phoa- 
phoms ; it reddens the bine test-paper, and conseqaently is 
also an add oxide ; it is called phogphorie anhydride. If the 
bottle be allowed to stand for a time, the smoke will sink to 
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the bottom and dissolve in the water which remains there, 
which thus acquires an acid taste. 

The two last experiments, and many others, can be more 
oonyeniently performed in deflagrating spoons, which are 
merely little ladles of iron or brass fastened at right angles 
(HI the end of iron wires, which pass through a cork and a 
piece of tin plate. The tin plate rests on the mouth of the 
bottle. 

Experiment 7. — Heat a small piece of sodium in a defla- 
grating spoon till it begins to bum, and then plunge it in 
a bottle of oxygen. It wiU bum with great brilliancy, and 
with a yellow flame. A white oxide, called sodium oxide, 
Na20, is formed, which, when dissolved in water, turns red 
litmus-paper to blue. Oxides of this kind are called haxic 
oxides (page 98). Potassium yields a similar compound. 

Eacperiment 8. — ^A piece of fine iron wire is so wound 
round a slatie- or common lead-pencil, that, on p. ^^ 
the withdrawal of the latter, the wire may have 
a spiral form. Fasten the upper part of this 
wire, as in Experiment 6, to a cross-piece of 
wood, and place on the lower end of it a small 
portion of tinder. When this is kindled, intro- 
duce the wire into the oxygen ; the burning 
tinder heats the iron to redness, which then 
burns brilliantly, throwing out sparks. The 
iron, when red-hot, combines with the oxygen. The burnt or 
oxiddzed iron (iron scales) melts, and falls to the bottom in 
black globules, which are so hot that they are apt to melt into 
the glass, though it be partly filled with water. This black 
oxide of iron, Fes04, is the same that is formed when steam 
is passed over red-hot iron in a tube. The inside of the 
bottle becomes covered during the experiment with a brick- 
red oxide, FogOs, which is called /emc oocide. Common iron 
rust is ferric oxide. Ferric oxide is a basic oxide, although, 
being insoluble in water, it cannot be tested with litmus* 
paper. The black oxide is a neutral oxide. It is neither 
acid, nor basic. 

These experiments show that there are three kinds of 
oxides: 

1. Acid oxides, or anhydrides, which by combination with 
water yield acids. 
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2. Basic oxides, which bj combination with water yield 
bases. 

3. Neutral oxides. 

The connection that these oxides have with the acids and 
bases has already been described (page 97). 

Combustion, — The process which we call cdfnbustion, or 
burning, is nothing but rapid combination with oxygen, with 
evolution of light and intense heat. It is in fact only a 
particular case of oxidation. In all ordinary cases oxidation 
is attended with the production of heat, which we have 
before seen (pp. 13, 27) is a frequent result of the exertion 
and consequent loss of chemical force. But the oxidation 
of a certain weight of Substance may take place rapidly or 
slowly, and the intensity of the heat will, of course, vary 
in like proportion, although the total quantity remains the 
same. The term combustion is generally limited to those 
cases of oxidation where light as well as intense heat is 
evolved. But the term may also be applied to similar 
combinations between other elements, as, for instance, 
between chlorine and hydrogen or metals. 

Experiment 9. — Invert a tumbler over a small piece of 
lighted candle standing on a plate. In a short time the 
candle will go out, having removed a portion of the oxygen 
from the air of the tumbler. The inside of the tumbler will 
be seen to be covered with moisture, and if it is rapidly 
removed, and a little lime-water shaken in it, the latter will 
become milky, showing the formation of carbonic anhydride. 

All ordinary kinds of fuel — coal, wood, gas, oil, &c. — 
contain carbon and hydrogen. This experiment shows the 
important fajct that, when they bum, the carbon becomes carbonic 
anhydride, and the hydrogen water. 

The phenomena of slow oxidation are very interesting and 
important. 

Experiment 10. — Throw some iron filings, which have been 
moistened with water, into a bottle, so that they may adhere 
to its bottom. Invert the bottle with its mouth in a basin 
of water, and leave it in a warm place for a few days. The 
water will gradually ascend in the bottle, for the air becomes 
diminished in bulk to the extent of one-fifth ; in fact, the whole 
of the oxygen is slowly absorbed by the iron and combines with 
it, forming ferric oadde, FejOj. The gas remaining in the 
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bottle is nitrogen, as is shown by plunging a lighted taper into 
the gas; the taper will be extinguished (see Nitrogen). 
The rusting of iron is here seen to be its slow oxidation. 

Experiment 11. — Bruise a little hay with water, stuff it in the 
bottom of another small phial, and proceed as in the former 
experiment. The same effect will be produced as with the 
iron filings ; that is to say, the oxygen will be absorbed by 
the hay, and nitrogen will remain, mixed in this case with a 
little carbonic anhydride from the oxidation of the hay. 
The hay undergoes the process of decay, which is thus shown 
to be a slow oxidation. In both of these cases, heat is 
evolved, though it possesses but slight intensity. The heat 
of a hot-bed is due to the slow oxidation of the manure. 

Bespiration. — Experiment 12. — The heat of the animal 
body is maintained by a process of slow oxidation, analogous 
to that of the hay. Blow through a glass tube into a 
tumbler half full of lime-water. In a few minutes it will 
become turbid, showing that carbonic anhydride is contained 
in the expired air. Breathe into a cold and dry tumbler. 
It will become covered with moisture. Animals consume 
the oxygen of the air, and return carbonic anhydride and 
water to it. 

Substances are more easily burnt when they are in a 
finely divided state than if they are solid ; shavings are 
easier to bum than billets of wood, and iron is easily 
combustible when in the form of filings. 

ExperiTnerd 13. — Hold a small bar of iron in the flame 
of a spirit lamp ; it will not burn ; but file it and let the 
filings fall into the flame ; they will be immediately ignited. 
Iron filings when sprinkled in a flame burn brilliantly, and 
have a very pretty appearance. 

Deflagration. — The term deflagration is applied to those 
eases of combustion where the body is burnt, not by the 
agency of free oxygen as that of the air, but by the aid of 
combined oxygen as it exists in substances which are easily 
decomposed, such as potassium chlorate, KCIO3, and potassium 
nitrate, KNOg. Deflagration may be exemplified as follows : 

Experiment 14. — Heat 20 or 30 grains of nitre in a test- 
tube with a spirit lamp, and when it is melted throw in some 
powdered charcoal or a fragment of sulphur ; it will bum 
violently, being oxidized at the expense of the nitro. 



128 EXPEBIMENTAL 0HEMI8TBT. 

OZONB, Os. 

When certain kinds of electrical discharge occur in an 
atmosphere of pure oxygen, or even of air, a contraction of 
volume takes place, and some of the oxygen is conyerted 
into the curious gas called ozone (Gr., o^o), to smell), on 
account of its peculiar odour. This odour can be perceived 
in the neighbourhood of an electrical machine during its 
action. The specific gravity of ozone is found to be 24 
(H = 1), that of oxygen being 16 ; so that ozone is half 
as heavy again as oxygen. This fact is explained by the 
more than probable theory that every molecule of ozone 
contains three atoms of oxygen instead of two, as in ordinary 
oxygen gas. 

Ozone has never been obtained free from oxygen. It is an 
amazingly powerful oxidizing, bleaching, and disinfecting 
agent, a property which is due to' the ease with which it 
gives out its third atom of oxygen. At a temperature of 
about 250^ C. (482^ F.), it is reconverted into common 
oxygen, 20s = 8O2. It can be formed by several methods 
besides the one above mentioned. 

Eot^periment 1. — Take a stick of phosphorus, about an inch 
long, and scrape it with a knife, under water, so as to 
expose a new surface ; then lay it in the boUom of a large 
wide-mouth bottle, pour in enough water to half cover it, 
and having loosely stoppered the bottle, set it aside in a warm 
place for about half an hour. White fumes of phosphorous 
acid will arise from the phosphorus, but will soon be 
absorbed by the water, and, simultaneously, ozone will be 
formed. The phosphorus combines gradtudly with part 
of the oxygen of the air in the bottle, while some of 
the remainder is converted into ozone, 8O2, becoming 20s. 
Its presence may be shown by the use of what is called the 
"ozone test," which is made hj dissolving a few grains of 
potassium iodide in a table-spoonful of starch jelly, such as is 
prepared for use in the laundry, and smearing the latter on 
strips of paper. Introduce one of these test-papers in the 
bottle of ozone, and it will immediately become dark bine 
or violet, the colour being more or less intense according 
to the quantity of ozone. The iodine is liberated from the 
potassium iodide by the ozone, and it combines with the 
starch to form iodide of starch (Experiment 5, page 119). 
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Experiment 2. — Lay a piece of the test-paper in the bottom 
of a tumbler and gradually invert a bottle of ozone, pre- 
pared as in Experiment 1, as though in the act of pouring 
from the one vessel to the other. The ozone will stream 
out and occupy the tumbler, and come in contact with the 
test-paper, which will be immediately affected. This 
experiment shows that ozone is heavier than air. 

Experiment 3. — Suspend a bright silver coin in a bottle of 
ozone. In a few minutes it will be covered with a grey 
deposit of silver oxide, thus showing the remarkable 
oxidizing power of ozone. 

Experiment 4. — Place a few fragments of sulphide of iron 
in a glass or jar, and pour upon them a little water and a few 
drops of sulphuric acid ; sulphuretted hydrogen, a gas of an 
extremely disagreeable odour, will be evolved. Moisten a 
strip of paper with a solution of lead acetate, and bring it in 
contact with the escaping sulphuretted hydrogen, and the 
paper will become dark brown or black, from &e formation 
of lead sulphide^ FbS. If the paper be then plunged into a 
bottle containing ozone it will again become colourless. 
The ozone oxidizes lead mlphide, which is black, into lead 
gulphaie, which is white : 

PbS + 408 = PbS04 + 40a. 

Ea^^iment 5. — Moisten a glass rod with a strong solution 
of ammonia, and introduce it into a bottle of ozone. White 
fumes will be abundantly formed, which consist of ammonium 
nUrite, NH4,N0a. 

Ea^erimevd 6. — Moistened litmus-paper is immediately 
bleached when introduced into a bottle of ozonized air. The 
bleaching and disinfecting of bodies by ozone are owing to 
their oxidation. Ozone is very commonly found in the 
atmosphere, formed perhaps by the passage of lightning 
through it. It cannot be doubted that this atmospheric 
ozone has important functions to fulfil in the economy 
of nature. 

Experiment 7. — Strips of paper moistened with ozone 
test may be exposed to the air for a few hours. They will 
frequently be found to have turned blue, especially in 
country places. 
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WATER, HgO. 

Water does not exist in nature in a perfectly pure condition, 
even fresh water contains smaU quantities of soHd impurities, 
of which the carbonates and sulphates of calcium and mag- 
nesium are among the most important and general. Natural 
water also holds in solution small quantities of oxygen,: 
nitrogen, and carbonic acid ; but besides these general 
impurities, there are others which occur only in particular 
instances, such as iron, sulphuretted hydrogen, iodine, &c., 
which are present in certain springs, and which give to 
them a medicinal value, as is the case with the waters 
of Harrogate, of Cheltenham, of Tunbridge Wells, &c. 
Bain water, collected in a vessel placed in a large open 
space, such as a field, is the purest kind of naiural water 
that can be obtained, and may be used by the student, 
for most purposes, in lieu of distilled water, in cases where 
the latter cannot easily be obtained. 

The composition of water was first determined by 
Cavendish; he proved that it is the sole product of the 
combustion of hydrogen. 

Eocperiment 1. — That water is really formed by the burning 
Fig. 48. of hydrogen can easily be shown by inverting a 
clear glass bottle over the hydrogen flame ; the 
glass soon becomes clouded over, because the 
water, which in consequence of the heat is 
generated in the form of steam, condenseB in 
small globules on the cold sides of the bottle. 

Eac^^meat 2. — The extraordinary degree of 
heat developed by the chemical union of oxygen 
and hydrogen may be shown by the following 
experiments. Insert into the opening of a large 
pig's bladder, which has been softened by soaking 
in water, the broken-off neck of a flask, and bind 
it firmly round with a string. Then select two 
perforated corks, fitting this neck. One cork is 
connected with a bent glass tube, conducting the 
oxygen from the apparatus in which it is evolved 
into the bladder, which soon becomes filled with it. When 
this operation is finished, replace the first cork by the second, 
having a glass tube adapted to it only a few inches long, and 




WATXB. 131 

drawn out to a point at its onter end, and provided with a wax 
atopple proBsed npoii the opeDisg. A glass tube may be formed 
into a jet by heating it in the flame of a epirit-lamp, conBtautlj 
tnming it round at the same time, till it becomes so soft 
at the desired place as to be easily drawn ont. Break '^' 
it at the slender part, and hold it in the flame for some i 
moments, until ^e sharp edges are rounded off by in- I 
cipient melting. It would be more oonTenient, though 1) 
somewhat more expensive, to subsiitnte for the above |H 
contrivance a small brass stop-cock, provided with a jet. * 

The bladder thus arranged and filled with oxygen is now 
placed upon a block, at such a height that the point of the 
glass tube shall be on a level with the bydrc^n flame, pro- 
doced as explained in a former experiment. Press upon the 
bladder widt the hand, and tbe oxygen will escape, blowing 
into the hydrc^n flame, which then takes a horizontal 
direction. This flame has bat little brilliancy, less than the 
hydrogen flame alone, nol^ ^^ 50 

withstanding which it affords 
the greatest beat yet known, 
except the heat produced by 
electoicity. Hold in it a ^^ '^ 
platinum wire, a metal which \\ 
cannot be melted in the hott^t '^ 
fantaee, and it will melt like 
wax ; hold in it a piece of M 
lime scraped to a fine point, W 
and it will emit light of the | 
most dazzling splendour. This 
is called the lime light. A watch-spring or a. 
bums in it, throwing ont sparks as in oxygen. 

Exact experiments have shown that two measures of 
hydrogen unite with one measure of oxygen, the some pro- 
portion as that in which the gases are obtained when water is 
decomposed by electricity (page 12). The result of the 
combination is steam, which condenses into water. But two 
measures of hydrogen and one of oxygen do not yield three 
measures of steam ; they afford two measures only : 

(* Volt) (1 Voli) (4 VoU.) 

2H, + 0. = 2H,0. 
Thus the two gases condense one-third by chemical imion. 




m&^v?^ 
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If the hydrogen and oxygen were mixed tc^etlier and 
then ignited, the whole mass would combine together at 
once, producing a most violent report, and bursting the 
vessel to pieces. The explosion is due to the concussion 
of the air, caused by the sudden and violent expansion of the 
steam by the heat evolved. No danger is to be apprehended 
from the apparatus deecribed, as the explosive gas is formed 
at the point where the oxygen meets the hydrogen flame, and 
only in small quantities at once. The apparatus is an oxy- 
hydrogen blowpipe on a small scale. 

Experimefnt 3. — ^Procure a soda-water bottle fitted with a 
good cork, and having filled it with water, invert it in the 
pneumatic trough, and fill it two-thirds full of hydrogen, 
and one-third with oxygen; cork it securely, and allow 
it to remain with its mouth immersed in the water for five 
minutes, so that the gases shall thoroughly intermix. If 
the bottle be then uncorked, and a light quickly applied to 
the mouth, the gases will combine with a loud explosion. 
Owing to the small quantity of the gaseous mixture employed 
there is no danger in this experiment ; but to prevent a chance 
of accident it is advisable, before applying the light, to fold 
the bottle in a cloth, so as to secure the fragments of glass, 
should the bottle be broken by the explosion : such a result^ 
however, is unlikely to occur. 

The composition of water by volume is thus easily il- 
lustrated ; but to show directly the relative weight of its 
constituents, the following rather complicated arrangement 
may be used: 

Fig. 51. 




A is a hydrogen apparatus, and it is connected by a bent 
tube with the bottle B, containing sulphuric add. B is 
connected in turn to the two wide tubes C and D. C con- 
tains a small heap of black copper oxide, CuO, heated with a 
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spirit lamp, and D is filled with fragments of calcimn 
chloride. 

Some granulated zinc having been placed in the bottle A, 
a mixture of sulphuric acid and water is poured down the 
long funnel called a thistle funnel. Hydrogen is evolved 
and passes by the bent tube through the sulphuric acid in 
the bottle 6, and is thus dried, for sulphuric acid eagerly 
combines with and retains any watery vapour that may be 
carried over by the hydrogen. The dry gas, after bubbling 
through the sulphuric acid, passes through the wide tube C, 
and comes in contact with the copper oxide. When the 
common air is eaapelled, the tube C is heated. The hydro- 
gen then combines with the oxygen of the copper oxide 
and forms water : CuO -)- Hg = Cu -f- H2O. The latter, as 
fast as it is formed, is driven forward and absorbed by the 
calcium chloride — a substance already mentioned as a 
powerful absorbent of water — in the tube D. Now if the 
tube D be weighed before and after the experiment, any 
additional weight it may have gained will of course be owing 
to the water formed during the experiment, and thus its 
amount may be readily determined; but if the tube C 
containing the oxide of copper be also weighed, any decrease 
in weight will represent the quantity of oxygen which has 
been required to form the wat^r obtained. In this way it 
may be determined ' that for every nine grains of water 
produced, the oxide of copper loses eight grains of oxygen : 
the difference is of course due to the hydrogen, and re- 
presents the relative weight with which it combines with 
oxygen to form water. At the end of the experiment the 
tube contains metallic copper, in fine powder. 

Hydrogen Peroxide, H2O2. — Hydrogen may be made by 
indirect means to combine with an additional atom of oxygen 
than that required to form water. This compound is an 
oily liquid, easily decomposed, and of extreme oxidizing 
powers, rivalling those of ozone. 

COMPOUNDS OF OXYGEN AND OHLOBINE. 



Oxides of Chlorine. 
CljO Hypochlorous Anhydride. 
CI3O, Chloroufl Anhydride. 
CI O, Chlorine Peroxide. 
CI2O5 Chloric Anhydride f 
Clio, Perchlorie Anhydride f 



Corresponding Acids. 
Hypochlorous Aeid, HCIO. 
Chlorous Acid, HClOj. 

Chloric Acid HCIO,. 

Perchloric Acid 'HCIO4. 



«p 
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It is not necessary for the beginner to study all the above 
compounds. Many of them are highly dangerous substances, 
SjUd all are difficult to prepare. The two anhydrides 
printed in italics have not yet been prepared, though the 
corresponding acids are well known. Chlorine peroxide is 
not an acid oxide. 

Hypochlorous Anhydride, Cl^O, is a colourless gas, difficult 
to prepare, and easily condensable to a red explosive liquid 
by cold. Combined with water it yields hypo<^orous acid : 

CljO + H,0 = 2HC10. 

This acid corresponds to the series of salts called 
hypochlorites : 

H(CIO), Hypochlorous Acid. 
Na(ClO), Sodium Hypochlorite. 
Ca"(C10)2, Calcium Hypochlorite. 

The substance commonly called chloride of lime, or 
bleaching powder, is intermediate in composition between 
the chloride and hypochlorite of calcium (CaCl^ and Ca 
(010)2). Its composition may be represented by the 
formula Ca"Cl(C10). It affords an example of the 
combination of an element with two distinct radicles. 
Bleaching powder is prepared by acting on slacked lime 
(calcium hydrate) with chlorine. 

Experimefot 1. — Throw a little slacked lime into a bottle 
of chlorine, stoppered loosely. In a short time the chlorine 
will disappear, the lime will absorb it, and be conyerted into 
bleaching powder : 

OcJciam Hydrate. Bleaching Powder. 

Ca(H0)2 + CI2 = CaCl(ClO) + H,0. 

The manufacture of bleaching powder on a large scale is 
carried on by passing chlorine through boxes filled with 
perforated trays, on which layers of slacked lime are spread. 
The process is complete when the lime ceases to absorb 
chlorine. 

Experiment 2. — Pour a few drops of yinegar or diluted 
sulphuric acid on a little bleaching powder. Effervescence 
will be produced by the escape of gaseous hypochlorous 
acid, which has an odour somewhat resembluig that of 
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chlorine. A piece of moistened litmus-paper, if it be 
immersed in the jar, will be bleached. If sulphuric acid is 
added in excess^ chlorine is set free : 

CaOCla + H2SO4 = CaS04 + H^O + CI,. 

This is a simple and effectual way of preparing chlorine for 
disinfecting purposes. 

In the ordinary process of bleaching, the materials to be 
bleached are dipped into a solution of bleaching- powder, 
and then passed through a dilute acid (" soured "), which 
liberates the hypochlorous acid. The acid is an even more 
powerful bleaching agent than chlorine. 

The peculiar odour which bleaching powder apparently 
possesses is due to hypochlorous acid, which is slowly and 
continuously formed from it by the carbonic acid of the air, 
so easily is the compound decomposed. 

CJhUyrine peroocide, CIO2 or CI2O4, is a dark yellow, easily de- 
composed gas, formed by the action of sulphuric acid on 
potassium chlorate. It may be prepared, and its explosive 
character safely observed, in the following way : 

Experiment 3. — To two or three grains (not more) of 
potassium chlorate in a test-tube add a few drops of strong 
sulphuric acid, and gently warm. A peculiar crackling 
noise will be heard, while a coloured gas is slowly evolved. 
This gas is, chlorine peroxide. If the tube be more strongly 
heated a loud explosion will often be produced from the 
sudden decomposition of the gas. 

Chldric acidy H(C103), an oily liquid, easily decomposed, 
and of little utility. . Its salts, especially the potassium 
salt, are of great importance. Chloric acid can only be 
prepared from its compounds, which are themselves readily 
obtained. By acting upon barium chlorate with sulphuric 
acid, chloric acid is formed, together with the insoluble 
substance, barium sulphate : 

Barium Chlorate. Sulphuric Acid. Barium Sulphate. Chloric Acid. 

Ba(C108), + H2SO4 = BaSO^ + 2HC10,. 

Potassiiun chlorate is formed by a process analogous to 
that used for the preparation of bleaching powder. By 
passing chlorine through a cold dilute solution of potassium 
hydrate, a mixture of potassium chloride and hypochlorite 
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is obiamed ; but if a hot solution be used, chlorate instead 
of hypochlorite is formed : 

6KH0 + 3C1, = 5KC1 + KClOs + 3H,0. 

Experiment 4. — Pour a few drops of a strong and warm 
solution of potassium hydrate into a bottle of chlorine 
loosely stoppered. The chlorine will be absorbed, just as it 
was by calcium hydrate, while a white crystalline powder is 
abundantly formed which mainly consists of potassium 
chlorate, the chloride being very soluble. The chlorates 
are unstable bodies, and readily yield up their oxygen when 
heated; they therefore furnish convenient sources of that 
gas. It will be remembered that potassium chlorate 
is the salt commonly employed for the preparation of 
oxygen. 

Experiment 5. — Powder a few grains of potassium chlorate ; 
mix it gently with an equal quantity of powdered sugar, and 
touch the mixture with a rod dipped in strong sulphuric 
ac^d. A brilliant combustion will ensue, owing to the ClOj 
set free from the chlorate. 

Experimeid 6. — If one grain of potassium chlorate is 
triturated in a mortar with one grain of sulphur, a sharp 
detonation will follow, the stQphur being oxidized at the 
expense of the salt. 

SULPHUR. 
Symbol, S = 32. Formula of Vapour, S, and S,. 

The well-known element sulphur, which, on account 
of its easy combustibility, is employed in the manufac- 
ture of matches, &c., has neither taste nor smell. It is 
found in nature in considerable quantity, mostly in a state 
of combination. 

Experiment 1. — Sulphur is fuMle. Heat two ounces of 
sulphur in small pieces in a small stone-ware crucible or 
Florence flask, over a lamp at a gentle heat ; it is converted, at 
a temperature a little above that of boiling water, into a tfain, 
yellow fluid. If you pour some of it into cold water, you 
obtain again solid sulphur. If this, after being previously 
dried, is returned to the crucible, it will sink in the fluid mass, 
showing that solid is heavier than melted sulphur. Almost 
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which 

Fig. 52. 




all other bodies behave in the same manner; 
floats on water, being an exception. 

Experiment 2. — Snlphur may be crystallised. 
Let the crucible containing the melted sulphur 
stand till a crust has formed over the surface ; 
break this quickly, and pour out the portion 
lemaining fluid. Upon afterwards breaking the 
crucible, the cavity of the sulphur will be found 
lined with fine transparent crystals, in the form 
of lengthened pillars (Fig. 52), which are called 
oblique rhombic prisms. 

In different parts of the world, particularly 
in volcanic coimtries, large beds of sulphur 
(native sulphur) are not unfrequently found, 
and, in these beds, fissures and cavities studded with the 
most beautiful crystals, which required, perhaps, -p. ^o 
centuries for their formation. These native crystals 
have a very different form from those prepared by 
fusion. They appear like two pointed four-sided 
pyramids, .applied base to base (Fig. 53) ; such a 
form is called an acute octahedron, because con- 
tained under eight acute triangles. Thus sulphur, 
like carbon in the diamond and graphite, assumes 
two different crystalline forms ; it is dimorphous. 

Experimevd 3. — Although sulphur is insoluble in water^ 
many liquids are known which easily dissolve it ; the one 
most convenient for this purpose is carbon^ disulphide. 
Pour a little of this liquid into a small clean bottle, and add 
a few pieces of stdphur. Close the bottle, and shake it at 
intervals for an hour or two. Then filter the liquid from 
the undissolved sulphur into a small basin, and allow it to 
evaporate ; as it does so cryatah of sulphur of the form 
shown in Fig. 53 will appear. Their shape differs from 
those obtained by fusion, but is similar to the native 
crystals. 

Experiment 4. — ^Put about two ounces of fragments of roU- 
salphur into a dry Florence flask, and place the latter on a > 
retort stand. Heat it gently at first, but afterwards over a 
Bunsen's gas flame. (Fig. 7, page 27.) The sulphur will 
first melt to a thin yellowish liquid. When it is all 
melted, and when the heat is increased, the character of the 
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liquefied sulphur is remarkably altered ; it IcMses its mobility, 
and becomes thick and pasty, and dark in colour like treacle ; 
so much so that the flask may be quite inverted without 
danger of the contents running out. As the heat continues, 
this condition is likewise changed, and soon the sulphur 
becomes again a thin liquid, which retains, however, its darik 
colour, and thus it continues until the boiling-point is 
reached. If the sulphur be thrown into water while in this 
condition, a substance entirely different in appearance from 
ordinary sulphur is obtained in the form of a reddish- 
coloured, soft, elastic mass, which serves admirably as a 
medium for taking impressions of seals, medals, &c. But 
this change is not a permanent one ; in a short time the mass 
becomes hard and brittle, and is soon reconverted into 
ordinary sulphur. This plastic form of sulphur is said to be 
amorphous^ a term applied to other bodies having no regular 
form, such as gum, pitch, glue, &c. 

JExperiment 5. — If, inst^ of pouring out the sulphur as in 
the last experiment, the heat be further applied, the sulphur 
will soon give out a rich dark-red vapour, which gradually 
occupies the whole of the upper part of the flask : thus sulphur 
is volatile, and may, like water, assume all the three states 
of aggregation (solid, fluid, and aeriform). Solid sulphur 
has a specific gravity of 2 ; that, is twice as heavy as water. 
Sulphur vapour has a specific gravity of 96 (n = 1), but at 
a very high temperature (1000^ 0) it trebles its volume, and 
has therefore a specific gravity of only 32. The formula for 
the ordinary vapour is, therefore, S«, and for the vapour at 
high temperatures, S^. Within the flask the vapour of the 
sulphur is transparent, and has a reddish-brown colour ; bat 
after escaping it appears as a yellowish smoke, being 
condensed by the cold air into a dust of solid sulphur. If 
this vapour be conducted into a glass jar, immersed in cold 
water, the sulphur condenses in it in the form of a soft 
yellow powder, known in commerce by the name of flowers 
of stdphur. The process by which a volatile substance 
is evaporated and condensed again into a solid is called 
siiblimation. In distillation, the vapour is condensed into 
liquid (the distillate); in sublimation, into a solid (the 
sublimate). 

The flowers of sulphur of commerce are obtained bj 
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vaporizing the impiire native snlplmr iniron or eartlien retorts, 
and conducting the vapour into large chambers bnilt of brick 
or stone, where it condenses as a crystalline powder, and lodges 
on the 'Walls of the chambers. The interior of the chamber 
is sometimes allowed to become sufficiently hot to melt the 
deposited sulphur, which therefore runs down in the melted 
condition, and collects on the floor. While still liquid it is 
drawn off and solidified in wooden moulds, and so forms roU- 
sulphur, or brimstone. 

Experiment 6. — Fill a test-tube half full of solution of 
caustic soda ; add to it as much flowers of sulphur as can be 
taken up on the point of a knife, and boil the mixture for 
some time ; a part of the sulphur will be dissolved, impart- 
inc; to the liquid a yellowish-brown colour. The clear liquid 
U low decanted, diluted with water, and vinegar added t^ it ; 
it will immediately assume a milky appearance, owing to the 
separation of the sulphur in the fopm of an exceedingly fine 
powder, which is so light that a considerable time must elapse 
before it will subside. Collect the powder on a filter, wash 
it with water, and dry it at a gentle heat. It is called miJk 
of sulphur, or precipiiaied sulphur, and is sulphur in its finest 
state of subdivision. Precipitated sulphur has a pale 
yellowish tint, but on being melted it becomes distinctly 
yellow, owing to the union of the individual particles into a 
larger mass. 

Experiment 7. — If sulphur be heated in a vessel with free 
access of air, as in an iron spoon, or be touched by some red- 
hot body, it hums with a blue flame ; that is, it unites with 
the oxygen of the air, under the phenomenon of fire, and 
forms with the oxygen, as has been previously shown, a 
suffi>cating gas, sulphurous anhydride (SO3). 

This property which belongs to sulphur, of igniting at a 
very moderate heat, is the reason of its being so commonly 
used for all kindling purposes. By means of it, other bodies 
more diflSicult of combustion may be heated to the temperature 
at which they can continue to bum (matches, gunpowder, 
fireworks, &c.). The kindling of a simple co^-fiire well 
illustrates how, by gradual transition from easily inflammable 
materials to those of more difficult ignition, ihe latter are 
finally brought to that degree of heat at which they will 
ignite and continue to bum. 
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Salphnr is an energetic element, and has, like oxygen, a 
poweif ul affinity for other elements. 

Experiment 8. — Boil some sulphur in a flask, and expose a 
very thin copper-plate to the brownish vapour ; the copper 
will glow vividly for some moments, lose its red colour and 
flexibility, become grey and brittle, and weigh one-fourth 
more than before. The newly-formed grey crystalline body 
is copper sulphide, CuS. Both elements have intimately 
combined, and in fixed proportions. The properties of the 
sulphur, as well as of the copper, have entirely disappeared.. 
The great heat produced is a consequence of the chemical 
combination. 

In a similar manner almost all other metals may be con- 
verted into sulphides. We find many, however, already 
formed in the earth, and miners call them glance, blende, or 
pyrites. The pyrites having the lustre of brass, and found 
in almost all coal, is sulphide of iron ; red cinnabar is a 
sulphide of mercury, <&c. The sulphide of copper, artificially 
prepared as above, occurs also as an- ore, and is then called 
copper pyrites. 

Experiment 9. — ^Mix three-fourths of an ounce of iron-filings, 
half an ounce of flowers of sulphur, and one fourth of an 
ounce of water, in a small vessel, and put it in a warm place ; 
the mass becomes heated, the water evaporates, and in half 
an hour a black powder will be obtained, in which no particles 
of iron or of sulphur will be perceived; a chemical com- 
pound, ferrous sulphide^ is formed. If the two substances be 
mixed together without water, no combination will take place, 
unless they be heated to redness ; the water seems to effect the 
combination, by bringing the particles of the sulphur and 
iron into such close contact that they can attract each other. 
It is, as it were, the bridge by which one body passes over to 
the other. 

Experiment 10. — ^Melt an ounce of sulphur in a covered 
earthen crucible, and then gradually throw in rather more 
than half an ounce of iron filings, closing the crucible 
after each addition. The iron will glow and combine 
with the sulphur just as the copper did in Experiment 8. 
The compound formed is the same as that obtained in 
Experiment 9, namely, ferrous mdphide^ FeS. When larger 
quantities are required it is better to buy than to make it. 
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StJLPHUBETTED HYDROGBy, OB HTDBOST7LFHX7BIO 

AGID, H2S. 

Experiment 1. — Put half an ounce of ferrous sulphide 



Fig. 54. 




(FeS) and half an ounce of diluted sulphuric 
acid into a two-ounce bottle, and quickly 
stop the bottle with a cork, to which a bent 
glass tube is adapted. Introduce the longer 
Hmb of the tube into a bottle filled with 
cold water. The atmospheric air contained 
in the flask and tube first passes over, 
followed by a very offensive gas, which dis- 
solves in the water, to which it likewise imparts its fetid 
odour of rotten eggs. This gas is called mljphuretted hydrogen. 
The following change takes place : 

FeS + H, (SO4) = Fe (SO4) + H^S. 

When the disengagement of the gas ceases, add some 
dilated sulphuric acid, that the gas may again be generated. 
The water is known to be saturated with the gas when, on 
shaking the bottle, the finger by which the opening is closed 
is no longer sucked in, or, more correctly speaking, pressed 
in. One measure of water contains about two and a half 
measures of gas in a saturated solution. It is put up in 
small well-stoppered bottles. If the air be admitted, the 
solution becomes turbid, owing to the oxygen of the air 
imiting with the hydrogen of the sulphuretted hydrogen, 
forming water, and the consequent liberation of the sulphur 
as a fine powder. 

If, during the evolution of the gas, the bottle of water be 
removed, the gas issuing from the tube can be ignited by a 
match ; it bums with a blue flame, and its nauseous odour is 
no longer perceptible, but is replaced by the well-known odour 
of burning sulphur. Both constituents unite with the oxygen 
of the air, the sulphur forming sulphurous anhydride, and 
the hydrogen, water. 

The inhalation of sulphuretted hydrogen is detrimental to 
health ; hence precautions should be taken to avoid it. When 
experimenting with it, it is best to do so where there is a free 
circulation of air. A cloth moistened with a little alcohol, 
and held before the mouth, is likewise a good protection. 
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Sulphuretted hydrogen turns blue litmus-paper red; it 
also combines with bases, and hence it may be regarded as an 
acid. 

Experiment 2. — Drop some sulphuretted hydrogen water 
upon a bright silver or copper coin, and upon a piece of lead 
and iron. The first three metsds tarnish quickly, and 
finally become black ; they combine with the siQphur, form- 
ing dark metallic sulphides, whilst the hydrogen escapes ; the 
iron, on the contrary, undergoes no change. 

Experiments, — Put into one test-tube a small portion of 
litharge, into another some ignited iron-rust, and pour upon 
them liquid hydrosulphuric acid. The yellow litharge, 
oxide of lead, becomes immediately black, an exchange of 
elements takes place, the hydrosulphuric acid gives its 
sulphur to the lead of the litharge, and receives in return the 
oxygen of the latter. Accordingly, lead sulphide and water 
are formed, and the offensive odour disappears. In the vessel 
containing the iron-rust, neither the colour nor the smell 
is changed — a proof that no chemical change has taken 
place. 

Experiment 4. — Bepeat the same experiment with a small 
crystal of sugar of lead instead of the litharge, and some green 
vitriol instead of the iron-rust, together with a few drops of 
vinegar, these salts having been previously dissolved in a 
large quantity of water ; the result will be the same as in the 
former experiment. Sugar of lead is lead acetate; the 
salt of lead is converted into sulphide, which subsides sooner 
or later as a black precipitate. When this solution is 
extremely diluted it is only rendered brown. Acetic acid 
is set free, and remains in solution. 

Most of the metallic sulphides are insoluble in water ; hence 
sulphuretted hydrogen is peculiarly adapted for precipitating 
metals from their solution, so that they can be separated and 
collected by filtration. If sulphuretted hydrogen be passed 
through a solution of acetate or sulphate of copper, sulphide of 
copper will be precipitated, and can be separated by fitration 
from the acid. All the sulphides do not possess a black colour ; 
sulphide of antimony has an orange-red colour; sulphide 
of arsenic a yellow, and sulphide of zinc a white colour. 
On this is partly based the application of sulphuretted 
hydrogen as a test; that is, as a means of detecting many 
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metals. Wine containing lead is blackened by hydro- 
sulphuric acid. 

Many metals are precipitated from their acidified solutions 
by the addition merely of sulphuretted hydrogen, as sul> 
phides; for example, copper, silver, gold, lead, mercury, 
tin, antimony, and arsenic ; and others are not precipitated 
until a base is added ; for example, iron, zinc, manganese, 
cobalt, and nickel. Sidphuretted hydrogen may accordingly 
be used to separate one metal from another; it is, there- 
fore, an important means of separation in analytical 
chemistry. 

Sulphuretted hydrogen has, as already mentioned, the 
formula H^S, which indicates that it is composed of two 
atoms of hydrogen and one of sulphur, and the similarity of 
this formula to that of water, HaO, is apparent. Lead paper is 
used for the detection of sulphuretted hydrogen, by which 
it is coloured brown or black. It is made by passing strips 
of paper through a weak solution of sugar of lead in water. 

Finally, it remains to be stated that this gas occurs also in 
some minercU footers, as may be recognised by the smell and 
taste. Many of these springs— for instance, the celebrated 
springs of Harrogate and Aix-la-Chapelle — are Resorted to 
by invalids, and are called sulphur springs. A rotten wooden 
water-pipe may convert an otherwise potable water, if it 
should contain calcium sulphide, into a nauseous sulphuretted 
water ; but by clearing out the well, and laying down new 
pipes, the water may be rendered completely odourless and 
good. 

COMPOUNDS OF SULPHUB AND OXTOEN. 

Sulphur combines with oxygen in two proportions, form- 
ing the oxides SO2 and SOs ; they both unite with water to 
form acids. SO2 is hence called sulphurous anhydride^ and 
SOs sulphuric anhydride. The latter substance can only be 
prepared indirectly and with difficulty, whereas sulphurous 
anhydride is formed by the direct union of its constituents 
whenever sulphur is burnt in air or oxygen, as has been 
already mentioned (page 124). 

Sviplturous Anhydride, SOg, and Sulphurous Acid, Hg SOj. — 
Sulphurous anhydride is a colourless gas of a pungent 
snffocating odour, well known aa the smell of sulphur. One 
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of its most characteriBtic properties is its power of bleachiBg 
animal and vegetable colours. 

JEa^eriment 1.-^ Suspend a red flower, such as a rose or 
peony, in an inverted glass jar, or other similar vessel, and 
introduce a piece of ignited sulphur. It will be found that 
the colour of the flower is slowly changed to white. Sul- 
phurous anhydride, imlike chlorine, does not actually destroy 
the colouring matter, for by dipping the flower into dilute 
sulphuric acid the original colour is slowly restored. Straw, 
wool, silk, &c., are very commonly bleached with sulphurous 
anhydride, but the residt of its action on these materials is far 
from permanent ; for on exposing a bleached straw hat in 
the sunshine it again becomes yellow, or '* sim- burnt," as the 
effect is popularly termed ; and on washing whitened flannel 
it resumes its original appearance. 

Sulphurous anhydride can be formed in a variety of ways ; 
one of the most convenient, when a quantity is required in a 
tolerable state of purity, is the following : 

Ea^eriment 2.— Select a thin-bottomed, well-made Florence 
flask, fit it with a delivery tube, and place in it half-an- 
ounce of thin copper, sheet or turnings, and two oimces 
of strong sulphuric acid. Apply a gentle but gradually 
increasing heat, and after a time sulphurous anhydride will 
be evolved, according to the equation : 

Cu -f 2H, SO4 = CuSO* + 2Ha -f SO^. 

Stdphurous anhydride is more tiian twice as heavy as air, 
BO it may be collected in dry bottles by displacement ; that is, 
by allowing the gas to pass to the bottom of a dry bottle. 
It will gradually displace the lighter air, just as water does 
when poured into a bottle, and as it is very soluble in water 
this mode is the most convenient. 

Experiment 3. — If a lighted taper is held over burning 
sulphur, or introduced into a vessel of sulphurous anhydride 
gas, it will be extinguished. It may be now readily explained 
how chimneys on fire are extinguished by scattering solphor 
on the coals beneath ; the sulphurous acid gas ascends in 
the chimney, and expels the atmospheric air present in it ; 
the glowing soot is thereby deprived of the free oxygen, and 
is extingui^ed. 

Experiment 4. — ^Pour a little blue litmus solution into 
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a bottle of snlphurous anhydride; it will be reddened, 
showing the acid character of the gas. 

JEhoperiment 5. — Dip the end of the deliveiy tube from 
which the gas is issuing into a little water; the gas is 
absorbed in large quantities and imparts to the water its 
characteristic taste and smell. One measure of water dis- 
solves about forty measures of sulphurous anhydride. The 
solution obtained is one of sulphurous acid : 

SO2 + HaO = HaSOs. 

The salts corresponding to stdphurous acid are called 
svlphitea : 

Ha SOa, Sulphurous acid. 
Nag SOs, Sodium sulphite. 
Ca^SOa, Calcium sulphite. 

Escperiment 6. — When the gas ceases to be absorbed by 
the water, substitute for the latter a solution of sodium 
carboilate ; this likewise absorbs the gas and forms with it 
sodium sulphite, while the carbonic acid is liberated with 
effervescence. If a sulphite be treated with a strong acid it 
is decomposed and sulphurous anhydride is evolved. 

Experiment 7. — Place a few grains of sodium stQphite in 
a test-tube, pour upon it a little slightly diluted sulphuric 
acid, and gently warm. Sulphurous anhydride is given off 
and is readily identified by its odour : 

NaaSOa + HjS04 = NaaSO* + H2O + SOg. 

Experiment 8. — When the residue in the flask, in which 
the sulphurous anhydride was generated, has become cold, 
add water to it, and heat it gently to boiling until the 
residual mass is dissolved. The solution is dark and turbid 
from impurities contained in the metal, but after filtering it 
is of a beautiful blue colour, and transparent. If allowed to 
cool slowly, blue crystals of copper sulphate, Cu" SO4 6H2O 
(blue vitriol), of considerable size will be formed. Silver 
and mercury comport themselves like copper and may be 
used instead, but they are not as economical. 

Sulphuric anhydride^ SOs, ^^ Sulphuric Add, H2(S04). 

Sulphuric Anhydride, — Experiment 9. — Pour into a small 
flask, placed in a sand-bath over a tripod, half an ounce of 
ftming, or Nordhausen sulphuric acid, and heat it gently 

L 
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till it boils moderately, Condnct the vapour tlirongli b 
tolerably wide glass tube into an empty flask, not shown 
in the cut, which is 
placed in avessel filled 
with cold water. In 
summer time the wa- 
ter may easily be made 
colder by adding a few 
tear-spoonMa of pow- 
dered saltpetre. If the 
vapour be suffered to 
escape into the air, 
it appears in thick 
white fume*, having 
I a pungent acid smell ; 
but if conducted into 
the flask, it is con- 
densed into a glistening white, solid mass. This b salphnric 
anhydride. Tbe distillation is stopped as soon as the boiling 
ceases, and the glass tnbe becomes too hot for the band to 
bear. What remains in the flash no longer fumes ; it baa 
become common sulphnric acid. To cause this to boil, yon 
most apply a ten-times stronger beat than before, for it does 
not begin to boil till above 572° F. (300° C ), while the an- 
hydride boils even at a little above 86° F. (30° C.) This is 
the reason why tbe boiUng ceases when the latter has escaped. 
Ehf^erimenl 10. — Take oat some of tbe anhydride by 
means of a glass rod, and introdnce it into a dry test-tnbe ; 
it will fume violently, and after a time become fluid ; that it, 
it attracts water from the air, and is thereby converted into 
Kordbausen sulphuric acid. On longer standing, it absorbs 
still more water, and ceases to fume; it thus becomes 
common sulphuric acid. By evaporation this water cannot 
again be removed. 

Es^erimerU 11. — If anhydrous sulphuric acid be thrown 
into water, it is dissolved with a hissing noise and the violent 
evolution of heat. 

Experiment 12. — It is likewise dissolved by common 
sulphuric acid, converting tbis into the fiuning acid. Fuming 
sulphuric acid may therefore be regarded as a compound ot 
the anhydride with ordinary sulphuric acid, HtSOuSOr 
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Fuming, or Nordhausen sulphuric add is obtained by the 
distillation of green vitriol, or ferrous sulphate. 

Experivnent 13. — Put a crystal of green vitriol into a hai'd 
glass tube, and heat it; aqueous 
vapour escapes, and the green 
crystal becomes white (anhy- 
drous). On further heating the 
white colour passes into reddish- 
brown, and sulphurous and sul- 
phuric anhydrides are evolved, 
while the iron remains as ferric oxide : 

2reS0, = SO2 4-SO, + FeA. 

In preparing the fuming acid on a large scale, earthen 
retorts are used, and the anhydride is conducted into common 
sulphuric acid, which dissolves the sulphuric anhydride, 
and is thereby converted into the fuming acid, while the 
sulphurous anhydride escapes. It is a thick liquid, like oil, 
and is called Nordhausen sulphuric acid, because this city 
supplied Germany with it for centuries. It has the specific 
gravity of 1*9. 

If this acid be exposed to the air, the anhydride in it eva- 
porates, and unites with the watery vapour contained in the 
air; accordingly, common sulphuric acid is formed, which, 
being less volatile, condenses in the cold air, forming white 
vapours, just as steam does. Consequently the fumes of this 
acid consist of the vapour of common sulphuric acid. 

As long as the process of manufacturing sulphuric acid 
from green vitriol was the only one known, it was a very 
expensive article. A hundredweight is now obtained for the 
same sum that was formerly paid for two pounds. 

Common sulphuric acid, H2SO4. — Sulphur by burning is 
converted into sulphurous anhydride, SO2, and this combined 
with water gives sulphurous acid, HiSOg. To convert this 
into sulphuric acid, n2S04, an additional atom of oxygen is 
necessary, and this additional oxygen is generally supplied 
at the expense of nitric acid. 

Experiment 14. — Fasten some pieces of sulphur to an iron 
wire, inflame, and hold them in a capacious bottle containing 
a little water, until the blue sulphur flame is extinguished ; 
the bottle becomes filled with a white smoke, which is recog- 
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nised by its odour to be sulphurotis acid. If you now in- 
Fig. 57. troduce a shaving moistened with nitric acid 
into the vessel, reddish-yellow fumes will im- 
mediately form around the wood, gradually 
filling the whole bottle. These fumes are nitric 
peroxide, and their evolution indicates that the 
sulphurous acid has withdrawn oxygen from the 
nitric acid, and has been oxidized and converted 
into sulphuric acid. After some time the bottle 
becomes clear again, because the vapour of the 
sulphuric acid formed sinks to the bottom, and dissolves ill 
the water, and we can now again bum sulphur in the bottle. 
If we repeat this operation several times, we can soon prepare 
a few ounces of diluted sulphuric acid. 

Experiment 15. — Add some drops of a solution of barium 
chloride to a portion of the acid liquid just obtained; 
a copious white precipitate is formed, which disappears 
neither by boiling, nor by the addition of water or nitcie 
acid. This precipitate is barium stdphate, a salt quite inso- 
luble in water and acids. Add one drop of the diluted add 
to a wine-glassful of water, and add to this a little more of 
the solution of barium chloride ; even at this great dilution 
a perceptible cloudiness will be produced. A solution of 
barium chloride, or nitrate, is the most certain test for de- 
tecting sulphuric acid and sulphates. 

The manufacture of common sulphuric acid on a large scale 
is conducted on the same principle as in the last experiment 
but one. The sulphur is burnt on a sort of hearth, and the 
sulphurous anhydride thus formed is carried by the draught 
of air into an inunense leaden chamber, the atmosphere of 
which is kept moist by jets of steam. The sulphurous an- 
hydride thus becomes sulphurous acid. A little nitric acid 
(or saltpetre and sulphuric acid, which yield nitric acid) is 
placed in a basin, supported by a tripod above the burning 
sulphur, and the heat &ves it in vapour into the chamber. 
In the leaden chamber this nitric acid immediately oxidizes 
a portion of sulphurous acid into sulphuric acid, and is 
itself reduced to nitric oxide, NO : 

2HN0, -f SHaSOs = HaO -f 2N0 + 3H,S04, 

Now we shall hereafter learn that nitric oxide is a colour- 
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less gas whicb, on contact with air, takes np oxygen and 
forms the brown gas, nitric peroxide, NO2, NO -f- O = NO2. 
This change immediately takes place in the leaden chamber, 
and as fast as the NO2 is formed it is again reduced to NO 
by another portion of sulphurous acid : 

NO, + HjSO, = NO + HaSO,. 

Again the NO takes oxygen from the air of the chamber, 
and becomes NO2, and again a new portion of sulphurous 
acid is oxidized into sulphuric acid, so that the process, 
after the first stage, is continuous. The nitric oxide acts as 
a carrier, taking oxygen from the air, and giving it out again 
to the sulphurous acid, which is unable to take oxygen direct 
from the air (except very slowly), so that theoretically there 
is no limit to the quantity of sulphurous acid which may be 
oxidized by a given weight of nitric acid. As fast as the 
sulphuric acid forms, it condenses and settles down on the 
floor of the leaden chamber. From time to time it is drawn 
off and concentrated by evaporation, first in leaden, and 
afterwards in glass or platinum vessels. The acid thus ob- 
tained has almost exactly the composition of true sulphuric 
acid, H2SO4. 

The above account of the sulphuric acid manufacture must 
only be regarded as an approximation to the truth, for the 
process is in fact extremely complex. If the quantity of 
steam be deficient, white crystals of complex composition are 
apt to form. On the addition of water, however, they are 
decomposed, and sulphuric acid formed from them. 

Ea^periTneifU 16. — ^Let some sulphuric acid remain in an 
open flask exposed to the air ; it will increase every day in 
weight, for it very eagerly aUra^is water from the air. After 
standing for some months in a damp place it will become 
two or three times heavier than before. Some substances, 
especially gases, are dried by means of sulphuric acid. 

Experimeni 17. — ^A piece of wood introduced into sulphuric 
acid becomes black, and is charred just as when it is exposed 
to the flame of a candle. The sulphuric acid seizes upon 
its hydrogen and oxygen, which combine to form water, and 
the carbon is left behind. Wood may be charred in this 
way, in order to protect it from decay in moist situations. 
In the refining of lamp-oil, the mucilage of the oil is char rod 
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by sulphuric acid. Sulphuric acid chars and destroys many 
vegetable and anirrial substances. If figures are inscribed on 
paper with very dilute sulphuric acid, and the paper warmed, 
the figures will come out black. As the acid becomes con- 
centrated, it acts upon and chars the paper. 

Experiment 18. — Pour a drop of oil of vitriol upon paper ; 
decomposition takes place slowly, but it will take place in- 
stantaneously if a drop of water is added, because tiHiter and 
sulphuric a>cid unite together with the evolution of strong heat. 
For this reason, when sulphuric acid comes in contact with 
the skin, it should first be wiped off with dry paper or cloth, 
and then be immediately washed with a great quantity of 
water. If 50 measures of sulphuric acid are mixed with 50 
measures of water, we do not obtain 100 measures, but only 
97 measures, of liquid ; consequently, a contraction or con- 
densation has occurred, which condensation is itself attended 
with the liberation of heat. 

Experiment 19. — Pulverise a small quantity of indigo, and 
form a thin paste of it with fuming sulphuric acid. After a 
few days add to it some water, and you obtain a deep blue 
liquid — solution of indigo. With this solution wool may be 
dyed of a fine blue colour (Saxon-blue). Common sulphuric 
acid dissolves indigo only imperfectly. Indigo, although a 
vegetable substance, is not carbonised by sulphuric acid, 
thus forming an exception to the general rule. 

Experiment 20.-- To half an ounce of copper scales, such 
as fjEdl off at the coppersmiths', add two oimces of water, and 
then gradually two-thirds of an ounce of sulphuric acid, and 
put it in a warm place; you obtain a blue solution, from 
which afterwards blue oblique, rhomboidal crystals will be 
deposited. The edges of these crystals are usually obtuse, 
giving to the narrow sides a roof-like appearance. Copper 
scales consist of copper oxide ; and they combine with the 
acid, forming copper sulphate (blue vitriol), a soluble salt. 
The following metallic sulphates are commonly called 
vitriols : ferrous sulphate (green vitriol) ; zinc sulphate 
(white vitriol) ; and copper sulphate (blue vitriol). Copper 
or iron vessels are cleaned more rapidly and made brighter 
by water to which some sulphuric acid has been added, than 
by simple water alone, because the oxide, which tarnished 
the vessels, is dissolved by the acid. 
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Exjperiment 21. — Put a small iron nail into a test tube^ 
and drench it with twenty drops of common sulphuric acid ; 
it is not acted upon. But if you add a little water, about 
four or five times more than the acid, a brisk effervescence 
will ensue, and the iron will be dissolved. The strong acid 
may be heated to boiling in iron vessels without acting upon 
them, which is by no means the case with the dilut^ acid. 
In this experiment, hydrogen escapes, and iron sulphate 
remains in solution. Zinc behaves in a similar manner. Con- 
sequently, the diluted acid must be employed for dissolving 
such metals. But there are also metals which dissolve only 
in the stronger acid, with the aid of heat ; for instance, 
copper, silver, &c. This has been treated of under sul- 
phurous acid. 

SELENIUM, Se = 79*5, AND TELLURIUM, Te = 129. 

These elements are very scarce and unimportant; they 
occur combined with certain metals in some rare minerals. 
They both resemble sulphur in their properties, but partake 
more of the character of metals in appearance. Their com- 
pounds with hydrogen and oxygen correspond perfectly to 
those of sulphur. 
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CHAPTER ni. 

NON-METALLIO TRIADS. 

(Nitrogen, Phosphorus, Boron.) 

NITROGEN. 

Symbol, N = 14. Formula, Nj. 

In the free state as gas nitrogen constitutes nearly four-fifths 
of the atmosphere, the remaining one-fifth being oxygen. 
In a state of combination it is an importeCnt constituent of 
organic structures. It is also found in the mineral kingdom, 
as in saltpetre or nitre, a salt occurring as an incrustation on 
the earth in India and elsewhere ; from this salt the name 
nitrogen (generator of nitre) is derived. The atomic weight of 
nitrogen is 14, and the molecule consists of two atoms. 
Hence the specific gravity of the gas is 14 (p. 72^. 

The most convenient and simple method tor the pre- 
paration of nitrogen consists in removing the oxygen from a 
confined portion of air by the ordinary process of com- 
bustion. 

EopperiTnerU 1. — Fasten a piece of sponge to a wire, drop 
■p' gg some alcohol upon it, and hold the wire 

in a vessel containing water so that the 
sponge may be some inches above the 
water. Then kindle the spirit, and im- 
mediately place an empty bottle over it, 
so that the mouth of it may dip into the 
water ; the flame will soon cease burning, 
_ and some of the water will rise into the 
^ bottle, in proportion to the amount of air 
disappearing during the combustion. The 
consumed air was oxygen, which united 
with the constituents of the alcohol. Close the bottle tightly 
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with the finger, shake it briskly, and again open it below the 
water, when a little more water will enter. The air which 
remains in the bottle is nitrogen ; it is sometimes called aaote 
(a, priyative, and ([cDiy, Ufe)^ from its inability to support 
respiration. 

Other combustibles may be used for the purpose of ab- 
stracting the oxygen from air, such as sulphur, charcoal, 
&c., but phosphorus is the best; for the products of 
combustion of the other substances, being gaseous, are not 
easily got rid of, and consequently contaminate the nitrogen, 
whereas the phosphorus compound produced is solid, and 
moreover very soluble in water. Moreover phosphorus 
bums tiU all the oxygen is removed, which is not the case 
with many combustibles. 

Ikcperiment 2.-— Place a small piece of dry phosphorus in 
a little basin floating in water. Ignite the phosphorus and 
place over it a bell-jar or the mouth of a wide-necked bottle 
(Fig. 68). The phosphorus will burn until the whole of 
the oxygen is consumed. Dense white clouds of phos- 
phoric anhydride (P2O6) are formed and fill the jar, but 
these after a time are precipitated in snowy flakes, and 
are rapidly dissolved by the water. The water will rise 
in the bottle, partly from the removal of oxygen and 
partly from ^ome air having been expelled at the beginning 
of the experiment, in consequence of the expansion produced 
by the heat (p. 34). When the white fumes have entirely 
disappeared the bottle may be shaken so as to cause the basin 
to fiU and sink, and the nitrogen transferred in the pneumatic 
trough to a series of smaller bottles. 

Nitrogen is incombustible, except at a very high tem- 
perature. It will not support combustion, for a lighted 
taper immersed in a jar of it is extinguished., It has neither 
colour, smell, nor taste, and in a chemical point of view it 
must be regarded as a very inert body, since it does not 
combine directly with any other substance except with great 
difficulty. 

Nitrogen gas is erroneously called azote, as we are con- 
tinually breathing it without perceiving any injurious eflects 
from it ; it stops respiration only when it contains no oxygen, 
and because it contains none. The human body is so 
constructed, that it will not thrive on substances intended 
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as nourishment if they are presented to it in their purest form. 
Strong alcohol acts as a poison, but when diluted with four 
or five times its quantity of water, as in wine, it is invigorat- 
ing. Even the respiration of oxygen would soon destroy life, 
were it not diluted with four times its volume of nitrogen, 
as in atmospheric air. 

Besides oxygen and nitrogen, air contains vapour of water 
and carbonic anhydride. The presence of the former is ren- 
dered obvious by the fall of rain, snow, dew, &c., ; and that 
of carbonic anhydride can easily be shown by letting lime- 
water remain exposed to the air, or by shaking it in a flask 
containing air. This occasions a cloudiness in the liquid. 
If you ask. What is the source of this carbonic anhydride ? 
the reply is, It is formed wherever substances are burning, 
wherever men and animals are breathing, and wherever 
decay and putrefaction are taking place. (Page 126.) 

The following is a close approximation to the average 
composition of the air : 



By Volnme. 


By Weight. 


Nitrogen 79 


77 


Oxygen 21 


23 



100 100 

The carbonic anhydride amounts in pure country air to 
about three volumes in 10,000. In towns it is more abundant. 

The air is not a compound, but only a mixture. It varies 
slightly in composition, which compounds never do (page 63), 
and its properties are intermediate between those of its 
constituents, whereas those of a compound are entirely dif- 
ferent. 

In crowded rooms, and other confined places, the air be- 
comes deteriorated ; that is, poorer in oxygen and richer in 
carbonic anhydride. 

That the air also contains other foreign ingredients is not 
strange, since it is the constant receptacle of volatile sub- 
stances and dust. The air coining from the Spice Islands, 
even at the distance of eight or ten miles, is impregnated 
with the odour of cinnamon and cloves. The dust contained 
in the air can be discerned in the sunbeam, <&c. Minute 
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quantities of ammoiiia aucl nitric acid are also fonnd in the 
air. The presence of ozone has already been noticed. The 
specific graYity of dry air, at standard pressive and tem> 
peratore, is 14'47, that is, it is about 14^ times heavier than 
hydrogen. 

AMMONIA, NH,. 

This important gas can be prepared in minute quantity by 
the direct union of its elements. It is also frequently, 
formed during the putre&ction of organic bodies, but its 
most convenient source is in the '' anmioniacal liquor" of 
gas-works. From this a white substance called scd-ammoniac 
— ^ihe ammonium chloride of chemists — ^is manufactured. 

Experiment 1. — Mix about half an ounce of powdered sal- 
ammoniac with about one ounce of quick lime. A pungent 
odour of hartshorn is perceived. Introduce the mixture 
into a dry Florence flask fitted with a cork and a short tube 
which conmiunicates by an india-rubber tube with a long 
straight tube. Apply a gentle heat, and ammonia gas will 
come off in abundance. It is very soluble in water, but 
being lighter than air it may be collected by upward dis^ 
placement, that is, by holding a bottle mouth downwards over 
the tube and allowing the light gas to displace the heavier 
air. The reaction by which tiie gas is prepared is as 
follows : — 

Ammonium !««,« A^^^^nia Calcium 
Chloride. ^^®- -^monia- Chloride. 

2NH,C1 + CaO = 2NHs + CaCla + H^O. 

Calcium chloride remains in the flask, together with tho 
excess of lime. 

Encperiment 2. — ^Plunge a taper into a bottle of ammonia 
held with its mouth downwards. The taper will be ex- 
tinguished and will not ignite the gas. 

Eitperiment 3. — We must not too hastily conclude from 
the preceding experiment that ammonia cannot be made to 
bum. Hold the end of the tube from which the gas is 
issuing in a flame. You will perceive that the gas bums 
with a greenish flame as Umg a£ the jet is heated, but that it 
goes out when the lamp is removed. Ammonia toill hum 
when strongly heated. During its combustion its hydrogen is 
oxidized to water, and its nitrogen escapes free. 
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Experiment 4. — Eemove the stopper downwards from a 
bottle of ammonia, and aftenvards immerse the mouth of 
the bottle in water. The water will rise rapidly, and H 
the bottle was quite full of gas, will fill it. If a piece of 
red litmus-paper is dipped in the water of the bottle its 
blue colour will return. Ammonia is soluible in water, and its 
solution is a base. 

One volume of water at freezing point will dissolve 1149, 
and at ordinary temperatures about 700 volumes of the gas, 
so that it is even more soluble than hydrochloric acid. A 
concentrated solution of it may be i^epared like that of 
hydrochloric acid (page 113). It is sold under the name of 
solution of ammonia, or *' liquor ammonisB/' and has a specific 
gravity of 0*88. Weaker solutions are sometimes called 
"hartshorn," or "spirits of hartshorn," because they were 
formerly obtained by the distillation of horn. 

Experiment 5. — .^nmonia gas, like hydrochloric acid, can 
easily be prepared by gently heating its concentrated solution. 
By prolonged boiling all trace of ammonia may be removed 
from water. 

Expeiiment 6. — The direct combination of ammonia and 
hydrochloric acid gases has already been noticed (page 13). 
The experiment may be repeated with equal volumes of the 
pure gases. Sal-ammoniac or ammonium chloride is formed : 

NHs + HCl = NH,C1. 

Experiment 7. — Carefiilly neutralize a dilute solution of 
ammonia with nitric acid, so that it has no effect on either 
blue or red litmus. The solution will contain a Salt called 
ammonium nitrate, which may be obtained in the dry state 
by evaporation : 

NHs + HNOa = NH^NOj. 

Ammonium compounds. — The compounds of ammonia are 
so similar in many of their properties to those of potassium 
and sodium, that they are generally supposed to be analogous 
in structure, and to contain a sort of compound metal called 
ammonium, NH4, which has recently been isolated. When 
the gas dissolves in water it is assumed that the hydrate of 
this quasi metal is formed : NHj + HjO = NH4HO. The 
theory cannot be proved, but it is probable and useful. The 
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following table shows the analogy which on this view exists 
between potassium and ammonium salts : — 

E HO Potassium Hydrate. NH^ HO Ammonium Hydrate (?). 
KCi „ Chloride. NH^ 01 „ Chloride. 

KNO, „ Nitrate. NH^ NO, „ Nitrate. 

KjSO^ „ Sulphate. (NHJ, SO4 „ Sulphate. 

It will be seen that to represent the composition of any 
ammonium salt we need only take the formula of the 
corresponding potassium or sodium compound and write NH4 
instead of K or Na. It must be remarked that although 
solution of ammonia may contain the hydrate NH4nO, no 
proof that such is the case has been obtained. 

Experiment 8. — Put about an ounce of mercury into a 
mortar and press into it with the pestle a few fragments of 
clean dry sodium. The two metals will combine with a flash 
of light, and a semi-fluid mass called sodium amalgam will be 
obtaLaed. When cold, throw this into a tumbler about 
one-third full of a cold saturated solution of sal-anunoniac. 
The amalgam will immediately begin to swell, and will soon 
assume such an enormous volume as to float in the liquid as 
a metallic mass, which feels like butter. From the moment 
of its formation, however, this curious substance begins to 
change into ammonia, hydrogen and mercury. It is called 
ammonium amalgam, and it is believed to be formed by the 
temporary combination of the ammonium, which has lost its 
chlorine, with mercury. The following formula, in which n 
denotes an unknown number of atoms, explains its for- 
mation: 

NH,C1 + NaHg, = NH^Hg,;}- NaCl. 

By washing with water the mercury is afterwards recovered 
without loss. • 

The specific gravity of ammonia gas is 8*5, a little more 
than half that of air (14*47). By a pressure seven times 
that of the atmosphere the gas can be condensed into a 
liquid, and if cooled to -75° 0. (-103° F.) it freezes to a 
transparent, ice-like solid. 

It must be borne in mind that the name ammonia is often 
given to the solution, which should be called ammonium 
hydrate. 
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ooupomms of NiTBoaBN and oxtobk. 

Oiia™. CojTfBponiUiig AeMs. 

N[0 Nitrons oiide, 

N,0, or NO Nitric oxide. 

N]Og Nitrons anhydride. HNO^ Nitrons acid. 

NjO, or NOi Nitric peroaidB. 

NaO, Nitric anhydride. HKO, Nitric acid. 

Of these compoondB nitric acid ie undoubtedly the most 
important, and as, moreover, it is the source from whence the 
other oxides are obtained, it claims our first attention. 

The oxide NjOj, nitric anhydride, corresponding to nitric 
acid, is prepared with difficulty. It is a white, crystaUine 
solid, which combines eagerly with water : 
N,0, + H,0 = 2HN0,. 
Nitrie Add or Aqmfortit, HNO,. 
Experimeta 1. — Introdnce into a email retort half an ounce 
of powdered saltpetre and half an ounce of common sulphuric 
acid, and let the retort stand erect for some time, in order 
that as much as possible 
of the sulphuric ocid re- 
maining in the neck may 
flow down into the retort. 
Then sairound the latter 
with sand contained in an 
I basin, adapt to the 
I beak of it a receiver, wrap 
I round the joint some strips 
" of moistened blotting- 
paper, and heat gently. 
In a short time a yellowish fuming fluid passes over into 
the receiver, which is placed in a vessel filled with water, and 
must frequently be sprinkled with cold water ; this fluid 
is heavier than water, and is called nilrie aeid. 

Saltpetre is poteesiun nitrate, £N0,, When it is acted 
upon by solpburic acid the metal and part of the hydrc^en 
change places ; we get nitric acid and a salt, called hydrogen 
potassinm sulphate, HESO*, in which half the hydrogen of 
the acid is replaced by potassium : 

KNO, -f- H,S04 = HNO, + HKSO,. 
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At a higher temperature the hydrogen potassium sulphate 
will decompose another molecule of potassium nitrate : 

KNOs + HKSO4 = HNOs + K2SO4 ; 

but on the small scale it is better not to push the action so 
far or the retort will be apt to break. K2SO4 is called 
neutral, or di-potassium sulphate. 

By using perfectly dry potassium nitrate and concentrated 
sulphuric acid, true nitric acid, HNOj, can be obtained as a 
yellowish liquid, which fumes strongly when exposed to the 
air. It is hence called fuming nitric acid, and is the strongest 
that can be prepared. It is one and a half times heavier 
than water, its specific gravity being 1*52. A weaker kind 
is commonly met with in commerce as ordinary nitric acid, 
or aquafortis. It consists of 60 parts of true nitric acid 
and 40 of water, and has a specific gravity of 1*42. This 
acid is colourless when pure, but usually possesses a yel- 
lowish tint. When very strong or very weak nitric acid is 
heated, acid of this strength is obtained. It can be distilled 
unchanged. 

Eocperiment 2. — A drop of nitric acid is sufficient to acidify 
several spoonfuls of water, and even at a greater dilution it 
will redden blue litmus-paper ; nitric acid is accordingly dis- 
tinctly characterised as an acid. 

Experiment 3. — If lead be heated for a long time in the air 
it abstracts oxygen from it, and becomes converted into a 
reddish-yellow powder, called lead oxide, or litharge. Take 
up a small portion of this litharge on the point of a knife, 
put it into a test-tube, and add some dilute nitric acid. The 
greater part will be dissolved by gentle heating. Filter jhe 
solution while warm, and put it in a cold place ; a salt will 
be deposited from it in wlute brilliant crystals ; this is lead 
nitrate. This shows that lead oxide is a basic oxide, as it 
combines with acids forming salts. 

. Nitric acid dissolves most of the metallic oxides, and forms 
with them salts, all of which are soluble in water. For this 
reason, nitric acid is often used for cleaning metals, for in- 
stance, copper and brass instruments, which, during the pro- 
cess of annealing, soldering, &c., have become covered with a 
coating of oxide. 

Experiment 4.— Pour over some shot, common nitric acid, 
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Bligbtly dilated with water ; a solntiou is also effected in this 
instance, but it is accompanied by tbd evolution of a yellow- 
ish-red vapour of a suffocating smell. This vapour is nitric 
peroxide. Part of the nitric acid is decomposed, while ^ 
another part of it combines with the lead, and forms the same 
salt, as in the former experiment. This likewise crystallises 
from its solution, if it is evaporated until a film forms on its 
surface. 

In this case the lead is apparently dissolved, but it is ob- 
vious that this is quite a different kind of solution from that 
of common salt or sugar in water. The salt and sugar are 
unchanged in the solution, while the lead is not contained in 
the liquid as a metal, but as a salt, a nitrate. The same 
thing occurs with all other metals which are soluble in nitric 
acid ; as, for example, with silver, mercury, copper, iron, &c. 
Gold is not dissolved by it ; hence gold may be separated 
from silver by means of nitric acid. 

Nitric acid readily parts with a portion of its oxygen. It 
is therefore a powerful oxidizing agent. 

Experiment 5. — Place a few fragments of tin in a wine- 
glass, and pour over them a little nitric acid* A violent 
action is set up, and red suffocating fumes are copiously 
evolved. The tin is not dissolved and converted into nitrate 
as the lead was, but becomes a white insoluble powder, an 
oxide of tin called meta-stannic add. 

Experiment 6. — Some of the non-metallic elements, as weU 
as of the metals, are oxidized by nitric acid ; charcoal, on being 
boiled in it, becomes carbonic anhydride ; sulphur, sulphuric 
acid ; phosphorus, phosphoric acid, <&c. In all these cases 
yellowish-red fumes are evolved. 

Experiment 7. — Organic substances also, as wool, feathers, 
wood, indigo, &c., are oxidized and decomposed by heating 
them with nitric acid. This sort of decomposition may be 
regarded as combustion in the moist way. K substances of 
animal origin are allowed to remain for a short time only in 
contact with this acid, they will assume a yellow colour. In 
this manner wood may be stained, and silk may be dyed 
yellow ; the hands and clothes are also stained yellow by 
nitric acid. Cotton undergoes a most remarkable change if 
soaked for a short time in the strongest nitric acid ; it will 
then detonate and explode, like gunpowder, only tax more 
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violently (gun-cotton). Strong nitric acid is partially 
decomposed, and coloured yellow, by the rays of the sun. 

If you colour some water blue in a test-tube with one drop 
of solution of sulphate of indigo, and add to it on boiling 
one drop of nitric acid, the blue colour will disappear. 
This reaction often serves for the detection of nitric acid. 

Experiment 8. — The nitrates are easily decomposed. 
Having powdered some of the nitra1;e of lead, obtained in 
Experiment 3 or 4, throw it upon a red-hot coal ; active 
combustion of the coal will ensue, at the expense of the 
nitrate, and globules of metallic lead will remain beyond. 

Nitric acid is monobasic ; that is, it contains but one atom 
of hydrogen which can be replaced by metals. Its salts are 
called nitrates, and it must be remembered that they all con- 
tain the monad radical, NOg. 

HNO3 Nitric acid. 
ENOs Potassium nitrate. 
NH4NO8 Ammonium nitrate. 
Cu"(N08)2 Copper nitrate. 
Bi'"(N08)8 Bismuth nitrate. 

The nitrates are less easily decomposed than the chlorates, 
but they resemble the latter salts in the readiness with which 
they part with their oxygen to combustibles. In consequence 
of this property, potassium nitrate is a constituent of some 
inflammable and explosive mixtures, such as gunpowder, 
fuses, coloured fires, &c. 

NitrouH Oxide. N 0. 

Experiment 1. — Cautiously heat the ammonium nitrate, 
made by Experiment 7 (page 156), in< a Florence flask to 
which a gas delivery tube is connected. The salt will 
gradually melt and soon effervesce briskly, as a gas — nitrous 
oxide — ^is evolved. When the air has been expelled from 
the flask the issuing gas may be collected at the pneumatic 
trough, which must be filled with warm water instead of cold, 
as the gas is soluble in the latter. 

The change which occurs is simple. Heat decomposes 
ammonium nitrate NH4NO8 entirely into vxxter and nitrous 
oxide: 

NH4NO, = 2HaO + N2O. 

M 
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Nitrons oxide is seen to 1>e a colourleBS gas. It can, bowevet, 
bo condensed to the liquid state hj great pressme. 

It is respirable in modoratfi qtuuttity, and its effects when 
inhaled aie peculiar. At first it prodaces a pleasurable kind 
of intoxication — whence its name of Utughing gat; but after 
a time it causes complete insensibility to pain. It is now 
much used as a substitute for chloroform in minor surgical 
operations. 

Nitrons oside is a good supporter of combustion, its 
power in ibis respect brang little inf^or to that of oxygen. 
The experiments which were performed with the latter gas 
may be repeated with nitrons oxide, with little difference in 
their results. 

Niirie Oxide, NO, or NjOj. 
Ea^erinent 1. — Pour over a few scraps of copper, placed 
in a wide-mouthed bottle, a little water, and tiion add by 
d^^rees some nitric acid, until a bnek effervescence ensnes. 
This efiervcBcence is cansed by the evolution of nitric oxide, 
which must be collooted in a jar of white gloss over the 
Pig. GO. pneumatic trou^ Close the 

mouth of the jar under water ; 
it seems to be empty, for the 
nitric oxide is colourless ; but 
k if the jar be opened, and air be 
carefully blown in, then the jar 
becomes filled from above 
i downwards with yellowish-red 
vapours. The nitric oxide 
takes thereby &om the air one 
atom of oxygen, and is converted into nitric peroxide. NO 
becomes NO,. On account of this property, it has an im- 
portant application in tbe preparation of common sulphuric 
acid (page 148). 

The following is4he somewhat complicated formula which 
describes the formation of nitric oside : 

Nltrte Jut± CriM« Nitnlc 

8HN0, + 3Cu = 3Cu"(N0,), -f- 4HjO -f 2N0. 
The copper nitrate remains as a blue solution in the bottle, 
and it may be obtained in crystals by evaporation. Nitric 
oxide supports combustion, although not with the readiness of 
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nitrous oxide. If a piece of phosphorus be ignited and 
plunged into nitric oxide while feebly burning, it will be 
extinguished, but if the phosphorus burns briskly when 
immersed in the gas the combustion proceeds with energy. 

Nitrous anhydride^ N2O3, is a red gas, easily condensed to a 
blue liquid by cold. With water it forms the very unstable 
nitrous acid, HNO2. 

Nitric ^perooaide, NO2, or N2O4, is the red gas formed when 
nitric oxide comes in contact with excess of oxygen. It is 
absorbed by water and converted into a mixture of nitrous 
and nitric acids : 

2NO2 + H2O = HNO2 + HNOs. 

PHOSPHORUS. 
Symbol, P = 31. Formula for vapour, P4. 

Great care is required in experimenting with phosphorus 
that it does not take fire at an unseasonable moment, as it 
continues burning with the greatest violence, and might 
occasion dangerous wounds. It may catch fire even when 
lying upon blotting-paper, particularly in summer-time, or 
by ^e heat of the finger. Hence it must be kept, and also 
cut, under water. On being taken from the water, it should 
be held by a pair of forceps, or be stuck on the point of a 
knife. Prudence also would dictate to experiment with 
small quantities only at a time, and to have a vessel of water 
in readiness, in which it may be quenched in case it should 
catch fire. 

Phosphorus, like sulphur, melts, boils, evaporates, and 
bums, but far more easily and rapidly. In winter it is 
brittle, in summer flexible as wax. When pure and freshly 
prepared it is colourless, transparent, and amorphous (non- 
crystalline), but after a time it becomes yellow, and coated 
over with a white crust. 

Phosphorus is insoluble in water, but soluble in ether, 
carbon disulphide, and oils. 

Phosphorus is an exceedingly violent poison, and is, for 
this reason, frequently employed for the extirpation of rats 
and mice. The rat paste, as it is called (phosphorus dough), 
is composed of one drachm of phosphorus, 8 ounces of hot 
water, and 8 ounces of flour* 
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Preparation of Phosphorus, — Phosphorus was formerly 
obtained from urine, but is now prepared from bone-ash. 
Bones consist chiefly of gelatin (or rather ossein) and 
calcium phosphate, Ca"8(P04)2. When the bones are cal- 
cined the gelatin bums away and the phosphate remains. 
The ash is treated with sulphuric acid, which converts the 
greater part of the calcium into the insoluble calcium 
sulphate, CaS04, while impure phosphoric acid remains in 
solution. This is dried with charcoal powder and intensely 
heated in a clay retort. The carbon takes oxygen from the 
acid, forming carbonic oxide gas, CO, which escapes with the 
hydrogen of the acid. The phosphorus also comes over as 
gas, but is condensed by passing through cold water. 

The changes which occur in the above processes are 
somewhat more complicated than the description, which is 
only intended as an approximation, would imply. 

tkcperiments with Phosphorus, 

Eaperiment 1. — Put into a small flask first a quarter of an 
ounce of ether, then a piece of phosphorus, of the size of a 
pea. Cork the flask and let it stand some days, frequently 
shaking it Decant the liquid ; it contains in solution about 
one grain of phosphorus, and will serve for the following 
experiments. 

Experiment 2. — ^Pour some drops of this solution upon the 
hand, and rub them quickly together ; the ether will 
evaporate in a few moments, but the phosphorus will remain 
upon the hands in a state of minutest division. The more 
finely it is divided, so much the more easily does it combine 
with the oxygen of the air. During this combination it 
diffuses a white smoke and a faint light (it phosphoresces), 
causing the hands to shine in the dark; hence its name, 
phosphorus^ from ^(^9, light, and 0^, to carry. It under- 
goes slow combustion and is converted into phosphorous 
anhydride, PgOj, which rapidly takes up water from the air 
and becomes phosphorous acid : 

PjOa -f 3HjO = 2H3PO,. 

Experiment 3. — Moisten a lump of sugar with the solution 
of phosphorus in ether and throw it into hot water. The 
sozfEhce of the water will glow prettily in a dark room. 
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Experiment i. — Instead of ether use m few drops of CArbou 
disnlphide to dissolve the phoephoroa. This liquid tiikes up 
more phosphorus than ether does, and the eolation is bigUy 
dutgerons. It is the basis of the modem " Greek fire." Its 
inflaTnTYiftTiility joaj be obseTTed in the following tny : 

ExperimeiU 5. — Four some of the solution upon fine 
blotting-paper ; the latter igmtea gpotUaneoudg after the 
liqaid bae evapontted. The more minntely the [dioaphoraB 
is divided, so moch the more readily it begins to bnm. 

Ei^>erimeiU 6. — Pat a piece of pboapbomB of the size of K 
pea on blotting-paper, and sprinkle over it some soot or pul- 
verised charcioal ; it melts after a while, and spontaneously 
mflamee. The finely pnlTerised charcoal causes this com- 
bustion, owing to ite porosity. It eagerly abeoibs oxygen 
&om the air, imparts it again to the phosphorus, and, being 
a bad conductor oi heat, the cooling of the latter is pre- 
vented. 

Phosphorus is also easUy ignited byJricUon, and is, for this 
reason, employed in the manufacture of lucifer-matohes. 
The combustible mass is prepared &om hot mucilage, 
at 158° F. (70° C), to which small piec^ of phosphorus are 
added, being thoroughly incorporated with it by constant 
rubbing till cold. But as the mass, by becoming hard on 
drying, prevents the access of air to the phosphorus, there 
must be added some substance rich in oxygen, as black oxide 
of manganese, nitre, or led-lead, from 
which the phosphorus can abstract the 
oxygen necessary for its ignition. 1^ part 
of phosphorus, i of gum Arabic, 4 of i 
water, 2 of nitie, and 2 of red lead, form ' 
a good inflammable mass. A temperature 
of 149° F. (65° C.)— 188° F. (70° C.) Ure- 
quisite for kindling such matches ; in this 
(»se the temperature is caused by friction. 
The coating of the match is thus broken ' 
and kindled, and the continued burning 
is now maintained by the oxygen of the air. s 

Experiment 7,— Put a piece of phoB-y 
phoms, of the size of a pea, into a wjno- < 
glass, and pour hot water upon it until 
the glass is half filled; the phosphorus molts, but doM not 
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jgaite, as access of air is prevented by the water. Bat if 
air b3 carefully blown by the mouth through a long glass 
tube upon the bottom of the wine-glass, combugHon will ensue, 
which is visible, especially in the dark. 

Experiment 8. — Heat gently a piece of phosphorus of the 
size of a pea, placed in the middle of a glass tube, about 
Fig. 62. twelve inches long. When igni- 

tion commences, remove the lamp. 
While the tube is held horizon- 
tally, the combustion is feeble 
and imperfect, because the heavy 
smoke, consisting of phosphoric 
and phosphorous anhydrides, 
passing off slowly, allows the 
admission of only a small quantity of air. But the com- 
bustion immedia4ly becom^ r.oJ vivid on inclining the 
tube, and when the tube is held perpendicularly it is com- 
plete, as then the draught of air is most powerful. In this 
way phosphorus may be oxidized to either degree required ; 
it may be slowly burnt to form phosphorous anhydride, or 
completely, to form phosphoric anhydride. 

Phosphorus, like sulphur, is capable of existing in several 
different states {allotropic states). Besides the ordinary kind 
the most interesting is that called red, or amorphous phos- 
phorus. This is prepared by heating ordinary phosphorus 
to a temperature of about 240° C. (464° P.) for some time, in 
a vessel £dled with carbonic anhydride to prevent it from 
burning. Bed phosphorus is curiously different in properties 
from the ordinary kind, being insoluble in carbon disulphide, 
not poisonous, and only inflammable at a high temperature. 
It is now used extensively in the manufacture of ''safety 
matches." The tips of these matches do not contain 
phosphorus, but when rubbed on the outside of the box they 
take up a little of the red phosphorus with which the side is 
covered, and combustion ensues. 

PHOSPHINB, PHj. 

Experiment 1. — ^Put into an ounce flask a quarter of an 
ounce of sliced lime, and a piece of phosphorus the size of a 
pea, fill it up to the neck with water, and place it in a small 
vessel containing a strong solution of salt, prepared by adding 
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half an ounce of common salt to an onnce and a luJf of water. 
Fit to the flask a bent glass tube, one end of which is made 
to dip into a basin of water ; heat the salt water to boiling, 
and a gas will be evolved, which, as it issues from the tube 

Fig. 63. 




and comes in contact with the air, takes fire spontaneously. 
This gas consists chiefly of phosphine, or phosphuretted 
hydrogen, but contains several combinations of phosphorus 
and hydrogen. If you coUefct it in a small jar filled with 
water, it immediately takes fire upon the admission of air. 
Both the phosphorus and the hydrogen combine with the 
oxygen of the air, and there results phosphoric anhydride, 
PsOfi, and water, H2O. The first appears as a white smoke, 
whidi, when it issues in separate bubbles from the water, 
rises in rings. 

Phosphuretted hydrogen, when unbumt, emits the smell 
of garlic. 

In this experiment, the flask is placed in salt water, in 
order to guard against the ignition of the phosphorus, in case 
the flask should accidentally break. Salt water, at the 
strength specified, will not boil under 228° F. (109° C.) ; 
consequently, the boiling in the flask is more active than if 
it had been placed in pure water, the temperature of which, 
under ordinary pressure, can only be raised to 212° F. (100° 
C). The apparatus for heating substances by means of hot 
water or saline solutions is called a water or saline hath. By 
such contrivances extracts are evaporated, and substances 
dried, which, at a stronger heat, would easily bum, or other- 
wise be decomposed. 

Phosphine, when pure, is inflammable, but not spontaneously 
inflammahle. When prepared as above it contains a little of 
the vapour of another compound of phosphorus and hydrogen 
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— a liquid — which has the formula P2H4. It is the latter 
compound which is spontaneously inflammable. 

OOMFOUNDS OF PHOSPHOBUS AND OXYaSN. 

P2O8, Phosphorous anhydride. 
TiOs, Phosphoric anhydride. 

It has been already stated that these oxides can be formed 
by the direct union of oxygen and phosphorus. The lower 
oxide and its corresponding acid are unimportant. Both 
oxides are white, snow-like powders, and they greedily com- 
bine with water to form acids. 

Phosphoric Anhydride. 

Experiment 1. — Ignite a small piece of phosphorus on a 
plate and cover it with a dry bottle or bell-jar. Phosphoric 
anhydride will be abundantly formed, as a white cloud, 
which settles on the sides of the bottle and on the plate. 
Shake the powder into a saucer, and pour a little water on 
it. A sharp hissing noise will be heard, testifying to the 
energy with which combination ensues. A solution of phos- 
phoric acid is produced. 

Phosphoric Acid, H3PO4. 

Experiment 2. — Place a piece of phosphorus and a little 
water in a flask, and carefully heat them until the water 
boils ; then add half an ounce of nitric acid and continue 
the heat. The phosphorus slowly dissolves, and is oxidized 
into phosphoric acid. Phosphoric acid prepared in this way 
is of course contaminated with the excess of nitric acid left 
undecomposed. This can be removed by evaporating to 
dryness and boiling the residue with water. 

Phosphoric acid is tribasic, containing three replaceable 
atoms of hydrogen ; and inasmuch as one, two, or all three of 
these atoms may be replaced by metals, its salts are very 
numerous. With sodium, for instance, the three following 
salts may be obtained : 

NaH2P04, Sodium di-hydrogen phosphate. 
Na2HP04, Di-sodium hydrogen phosphate. 
Na8P04, Tri-sodium phosphate. 
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A very great variety of compound salts may be formed 
by substituting part of the hydrogen with one metal, and 
part with another. As, for instance, in ammonium magne- 
sium phosphate, NH4Mg'T04, in which one atom of hydro- 
gen is replaced by the monad group of atoms, or compound 
radical, NH4, and the remaining two atoms by the diad 
metal magnesium, Mg", 

Experiment 3. — Add ammonia to a solution of sodium 
phosphate, and then a little solution of magnesium sulphate, 
Mg"S04 (Epsom salts). A white precipitate will be pro- 
duced, consisting of the above-mentioned ammonium magne- 
sium phosphate : 

MgS04 + Na2HP04 + NH4HO = Ka2S04-j- 
NH4Mg'T04 -f H2O. 

Phosphoric acid or any other soluble phosphate would pro- 
duce the same effect. Ammoniimi hydrate and magnesium sul- 
phate therefore serve as a test for phosphoric acid and its salts. 

The body of an adult man contains 
from 9 to 12 pounds of bones, containing 

„ 6 „ 8 pounds of bone ashes, containing 

„ 5 „ 7 pounds of calcium phosphate, containing 

„ 1 „ 1| pounds of phosphorus. 

Phosphates are also contained in the blood, flesh, and other 
portions of the body. Whence does it obtain this phos- 
phorus ? The answer is, from the meat and vegetables which 
it consumes. The phosphates occur in bread, in all kinds of 
grain, in leguminous and many other plants, particularly 
in their seeds. But how do the plants obtain iJiese salts ? 
By means of the soil. If arable land contained no such 
salts, no seeds could be produced. If we increase their 
quantity by mixing ground bones with the soil, we place the 
latter in a situation to produce a larger quantity of grain ; 
consequently, bones furnish us with a powerful manure. 

Besides ordinary phosphoric acid, two other compounds of 
phosphoric anhydride are known, differing in constitution 
from ordinary phosphoric acid by the relative quantities of 
water combined with the anhydride. These compounds are 
distinguished by the prefixes " pyro " and " meta " from 
ordinary or or^Ao-phosphoric acid. To form ortho-phosphoric 
acid three molecules of water are necessary, while for pyro- 
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phosphoric acid two are reqnired, and for meta-phosphoric 
acid only one : * 

T^O, + 3H2O = 2H8PO4, Ortho-phosphoric acid. 
P2O5 4- 2H2O = H4P2O7, Pyro-phosphoric acid. 
PaOfi + H2O = 2HPOs, Meta-phosphoric acid. 

These three acids form salts which correspond to them in 
constitution. The common or ortho-phosphates contain the 
triad radical PO4, the pyro-phosphates, the tetrad radical 
P2O7, and the meta-phosphates, which resemble the nitrates 
in constitution, the monad radical, POg. 

Experiment 4. — Heat common sodium phosphate to redness 
in a crucible for some time. Water is driven off, and 
sodium pyro-phosphate remains : 

2Na2HP04 = NaiP207 + BjO. 

Sodium meta-phosphate may be prepared by heating micro- 
cosmic salt, Na(NH4)HP04 (sodium ammonium hydrogen 
phosphate). Ammonia and water are expelled, and the 
meta-phosphate remains : 

NaNH,HP04 = NaPO, -f NHg -f- H2O. 

These pyro- and meta-phosphates may be dissolved in 
cold water without change, but if the solutions are boiled 
water is taken up and common phosphates obtained. 

When common phosphoric acid is evaporated to dryness, 
meta-phosphoric, or " glacial " phosphoric acid is obtained. 
This, when boiled with water, is reconverted to ortho-phos- 
phoric acid : 

HPO3 + H2O = HsPO^. 

Eocpenment 5. — To solutions of sodium ortho-, pyro-, and 
meta-phosphates add a little solution of silver nitrate. With 
the ortho-phosphate, a yellow precipitate, and with the others 
white precipitates are produced. This test distinguishes 
the ortho-phosphate from the other two. To distinguish 
between these, add to each of the salts, first some acetic acid, 
and then a little white of egg beaten up with water. A white 
precipitate is produced with the meta-phosphate ; none at all 
with the pyro-phosphate, or ortho-phosphate. 
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BORON. 
B = 11. 

Boron is a triad element, but it resembles carbon in its 
physical characters. Like carbon, it can be obtained as an 
amorphous powder, and also in the form of octahedral crystals 
which are nearly as hard as diamonds. Boron is chiefly 
found combined as boric acid in the steam which issues from 
fissures in the earth in some parts of Tuscany, and bubbles 
up through small lakes or basins of water. The acid is 
obtained by eyaporating the water of these lakes by an 
ingenious arrangement, whereby the heat required for the 
purpose is supplied by the hot springs themselves. 

A sodium sidt of boric acid called tincal is imported from 
Thibet ; when purified by recrystallization it is sold as horaa. 

Boron is capable of combining directly with many elements, 
as sulphur, oxygen, and nitrogen. 

The oxygen compound of boron is the most important, the 
others are of little interest. 

. Boric anhydride, BgOs, and Boric acid, HgBOs, sometimes 
called Boracic acid. 

Experiment 1. — Add powdered borax to boiling water 
until it ceases to be dissolved, pour off the solution from 
any undissolyed borax, and mix it with about half its b^lk 
of strong hydrochloric acid. Flaky crystals are immediately 
formed, and deposit abundantly as the mixture cools. Collect 
the crystals in a filter, wash them with a little cold water, 
preserve, and label them boric acid, HgBOa. 

Experiment 2. — Pour alcohol on some boric acid, or on 
borax which has been moistened with oil of vitriol. Inflame 
the spirit, and in either case it will burn with a greenish 
flame, from the presence of boric acid. Curiously enough, 
dry boric acid may be heated to redness without volatilizing, 
but if it be boiled with water or alcohol it readily passes off 
in the vapour of those substances. 

Experiment 3. — Heat boric acid in a crucible with a 
Bunsen's burner. Below a red heat it fuses, and on cooling 
appears as a colourless glassy mass consisting of boric 
anhydride, BgOg : 

2H8B08 - 3H2O = B2O3, 



